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GAS  PRODUCER  PUMPING  PLANTS  AT  MANCHESTER, 

MASS. 

BY    RAYMOND    C.    ALLEN,    ASSOCIATE    MEMBER    AMERICAN    SOCIETY 
CIVIL    ENGINEERS. 

[Read  January  11,  1911.] 

The  town  of  Manchester,  or,  as  it  is  fre(iuentl>-  called, 
Manchester-by-the-Sea,  is  a  very  pretty  little  town  on  the  coast 
of  Massachusetts  Bay,  between  Beverly  and  Gloucester.  It  has 
a  population  of  about  2  800,  which  is  increased  during  three 
months  l)y  a  large  summer  population  to  from  4  500  to  5  000, 

The  summer  estates  are  held  in  comparatively  large  tracts, 
and  landscape  gardening  is  carried  to  a  high  state  of  development, 
requiring  as  a  result  an  al)normally  large  amount  of  water. 

The  original  water  supply  in  Manchester  was  derived  from  driven 
wells  in  the  village,  and  was  installed  in  1891  and  1892  under  the 
direction  of  Mr.  Percy  M.  Blake,  and  was  designed  to  supply- 
about  200  000  gal.  per  day  as  a  maximum. 

With  the  installation  of  the  plant  the  town  entered  upon  a 
period  of  very  substantial  growth  along  summer-resort  lines,  and 
the  need  of  more  water  soon  made  itself  felt. 

This  need  was  met  from  time  to  time,  over  a  period  of  some 
twelve  years,  by  the  driving  of  more  wells,  and  the  toA\ni  was  v(M-y 
fortunate,  in  that  the  watershed  of  its  plant  was  able  to  >'ield  up 
to  about  500  000  gal.  per  day.  During  the  last  ten  years,  lunvever, 
it  became  very  evident  that  further  -sources  of  supply  must  be 
obtained  if  the  needs  of  the  community  were  to  be  proi)(>rIy  met. 

Many  propositions  were  discussed  and  none  found  satisfactory, 
until  in  1907  the  entire  matter  was  placed  in  the  hands  of  Mr. 
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Desmond  FitzGerald,  wiio,  after  a  most  painstaking  and  detailed 
stu(l>'  of  the  whole  situation,  recommended  that  the  town  secure 
the  waters  of  Gravel  and  Round  ponds,  in  the  neighborinp;  town  of 
Hamilton,  about  three  miles  distant  from  tlie  home  pumping 
station. 

This  advice  was  adopted  by  the  town  and  the  supply  obtained 
and  developed.      (Fig.  1.) 

This  development,  of  which  the  writer  had  chai-go,  included 
the  construction  of  about  two  miles  of  14-in.  and  about  one  mile  of 
16-in.  i)ipe  line;  the  construction  of  a  reinforced  concrete  reservoir 
50  ft.  in  diameter  and  72  ft.  high,  having  a  high-water  line  some 
83  ft.  higher  than  the  old  iron  standpipe  which  failed  to  serve  the 
higher  hills  of  the  town  now  in  demand  for  building  purposes,  and 
the  installation  of  new  pumping  machinery  to  raise  \hv  water  to 
the  new  height. 

The  level  of  the  high  water  in  the  new  reservoir  is  275  ft.  above 
mean  low  water,  that  of  the  surface  of  Gravel  Pond  50  ft.;  and 
that  of  the  floor  of  the  home  or  old  pumping  station  22  ft.  above 
the  same  level. 

The  total  head,  including  friction  for  the  Gravel  Pond  Station, 
amounts  to  236  ft.,,  and  at  the  home  station  to  260  ft. 

Owing  to  the  fact  that  many  years'  experience  had  demon- 
strated that  the  flow  of  water  from  the  driven  Avells  at  the  home 
plant  was  limited  to  about  750  000  gal.  in  twenty-four  hours,  this 
was  taken  to  be  the  size  of  the  units  to  be  installed  there,  and  two 
one-million  gallon  units  were  decided  upon  for  the  Gravel  Pond 
Plant. 

At  both  stations  it  was  decided  to  install  units  in  duphcate. 

The  brake  horse-power  necessary  per  unit  was  determined  to  be 
65  b.h.p.  for  the  Gravel  Pond  Installation,  and  50  b.h.p.  for  the 
liome  station. 

Before  obtaining  bids,  various  pumping  plants  were  studied 
to  determine  upon  the  method  to  be  used.  Steam  pumps  with 
from  90  000  000  to  100  000  000  ft.-lb.  test  duty  were  investigated; 
steam  turbines  direct  connected  to  multistage  centrifugal  pumps; 
and  oil  and  gasoline  engines  with  power  pumps,  without  satisfying 
ourselves  that  we  had  obtained  that  best  suited  to  our  needs. 

The  precedents  and  literature  for  the  us(>  of  internal  combustion 
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engines  in  pumping  practice  gave  us  but  little  upon  which  to  base 
definite  conclusions,  and  we  were  nearly  ready  to  ask  for  bids  on 
steam  pumps  when  our  attention  was  called  to  the  use  of  producer 
gas. 

Preliminary  investigation  interested  us  sufficiently  to  cause  us 
to  spend  several  weeks  in  travel  and  study  of  producer  plants  of 
about  our  horse-power  in  several  of  the  eastern  states.  We  visited 
such  installations  in  numerous  places  and  saw  many  and  various 
types.  The  general  efficiency  obtained  surprised  us  somewhat, 
and  their  reliability  of  operation  did  much  to  dispel  many  doubts 
in  our  minds.  We  saw  these  installations  in  factories  where  shut- 
downs meant  expensive  delay  and  financial  loss,  and  found  the 
owners  generally  pleased  with  the  operation  of  their  plants  and 
that  they  were  saving  money  over  previous  steam  installations. 

After  careful  investigation  and  study  we  determined  to  ask  for 
proposals  for  suction  gas  producers,  gas  engines,  and  power  pumps 
for  the  solution  of  our  problem. 

The  next  question  arose  as  to  whether  we  should  ask  for  tenders 
for  the  complete  plant,  or  whether  we  should  ourselves  determine 
the  various  component  parts  and  install  them.  The  first  method 
had  in  its  favor  the  element  of  undivided  responsibility,  and  the 
guaranty  of  a  specific  duty  for  the  complete  plant;  and  had  in  its 
opposition  the  fact  that  we  would  have  to  pay  a  considerable  sum 
for  the  superintendence  and  guaranty  which,  with  the  use  of  a 
little  thought  and  study,  we  might  save  and  spend  to  good  advan- 
tage elsewhere. 

The  disadvantage  of  the  second  method  was  chiefly  the  matter 
of  divided  responsibility  and  the  added  detail  study  necessary  for 
the  engineer.  Under  this  method  we  must  also  assume  the  re- 
sponsibihty  of  the  efficiency  of  the  combined  plant,  and  see  that 
each  part  of  our  equipment  was  of  proper  design  and  efficiency. 

It  was  finally  determined  to  adopt  the  latter  method,  and  pro- 
posals were  invited  for  two  50  h.p.  and  two  65  h.p.  gas  producers; 
two  50  b.h.p.  and  two  65  b.h.p.  gas  engines;  two  750  000-gal.  and 
two  1  000  000-gal.  pumps.  The  specifications  for  this  machinery 
were  broad  in  their  terms  and  stated  the  general  problem  to  be 
solved.  Producer  makers  were  required  to  submit  with  their  bids 
data  as  to  the  design  and  size  of  their  equipment,  especially  in 
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relation  to  the  grate  area,  scrubbing  de\aces,  and  fuel  efficiency 
guaranteed. 

The  engine  bidders  were  rec[uired,  among  other  items,  to  state 
their  efficiency  at  varying  loads,  preferably  in  British  thermal 
units  per  horse-poAver  hour. 

The  following  extract  from  the  specifications  will  serve  to  ex- 
plain the  attitude  taken  by  the  writer:  "  It  is  the  purpose  of  the 
Board  of  Water  Commissioners  to  compare  proposals  upon  the 
basis  of  cost  plus  the  quality  of  design  and  workmanship  of  the 
■  apparatus  proposed,  and  its  fitness  for  the  conditions  of  the  town 
of  Manchester,  as  judged  by  the  said  board." 

Proposals  were  received  from  six  manufacturers  of  gas  producers, 
eight  engine  manufacturers,  and  four  pump  firms. 

Two  of  the  bids  received  for  producers  included  engines  in  the 
price  tendered.  The  others  were  as  follows:  $4  950;  $6  965; 
$5  565;  85  720;  and  $5  000.  The  fuel  to  be  used  was  pea  and 
buckwheat-size  anthracite,  averaging  about  12  500  B.t.u.  The 
guaranties  of  efficiency  ran  from  75  per  cent,  to  80  per  cent,  of 
the  heat  of  the  coal  in  gas.  The  scrubbing  arrangement  in  all 
but  one  type  was  that  of  coke  or  wooden  slats  and  trays.  The 
standover  loss  for  a  ten-hour  run  averaged  about  one  pound  coal 
per  horse-power.  The  greatest  difference  was  found  in  the  grate 
areas,  and  the  amount  of  coal  to  be  gasified  per  square  foot  of 
grate  surface.  This  some  of  the  manufacturers  claimed  was 
entirely  an  arbitrary  matter  and  of  minor  importance  if  the 
design  of  the  producer  was  proper. 

To  the  writer  it  seemed  of  the  first  importance  and  in  deciding 
upon  the  producer  to  be 'used- this  factor  waS' given  important 
(^consideration  by  him.  Data  ^  submitted  >  showed  '  some  50-h.p. 
producers  with  3.7  and  4.9  sq.  ft.  area  of  grate  and  others  'of 
7  sq.  ft.  for  the  same  rating. 

The  smaller  area  means  a  greater  amount  of  coal  gasified  per 
square  foot  of  grate  area  with  a  hotter  fire,  more  clinker,  —  the 
bane  of  the  producer,  —  more  frequent  charging  with  consequent 
disturbance  of  the  fire,  and  a  more  uneven  gas. 

The  times  to  be  charged  during  twenty-four  hours  varied  from 
every  three  hours  to  ten  hours. 

The  engine  bids  were  all  for  four-cycle  engines  and  varied  from 
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single  cylinder  horizontal  engines  to  four  cjdincler  vertical  types 
with  weights  running  from  8  000  to  18  000  lb.  for  the  50  h.p.  units. 

Prices  varied  from  $11  165  to  $14  078  for  two  50  h.p.  aud  two 
65  h.p.,  a  total  of  230  h.p. 

The  engine  speed  averaged  very  closely  270  r.p.m.,  all  being 
very  nearly  that  rate. 

The  fuel  guarantees  ran  from  1.25  lb.  of  coal  per  h.p.-hr.  to 
10  000  effective  B.t.u.  per  h.p.-hr.  at  full  load. 

Pump  bids  were  on  triple  power  pumps  of  both  the  double-  and 
the  single-acting  types,  and  prices  ranged  from  $6  115  to  $9  590,  • 
with  guarantees  of  from  78  per  cent,  to  85  per  cent,  efficiency. 

The  talnilation  and  study  of  the  various  bids  and  their  many 
permutations  and  combinations  gave  the  writer  food  for  many 
hours'  careful  study  and  was  indeed  a  difficult  task.  He  was 
first  concerned  in  selecting  the  units,  which,  from  the  data  pre- 
sented and  from  his  observations,  were  best  suited  to  the  problem 
at  hand.  This  after  much  balancing  he  determined  only  to  find 
that  he  had  selected  nearly  the  most  expensive  combinations 
possible.  Repeated  attempts  gave  the  same  result  and  at  length 
it  was  determined  that  of  the  proposals  presented,  those  of  the 
Smith  Gas  Power  Company,  of  Lexington,  Ohio,  and  that  for  the 
Nash  Engine,  by  the  National  Meter  Company,  of  New  York, 
and  that  of  the  Goulds  Manufacturing  Company,  of  Seneca  Falls, 
N.  Y.,  were  best  suited  to  our  needs,  and  the  contracts  were 
awarded  to  them. 

The  gas  producers  selected  were  of  the  kind  termed  Type  B 
by  the  Smith  Company.  They  operate  on  pea  or  buckwheat 
anthracite  or  on  the  semi-bituminous  coals.  The  scrubbing  device 
is  a  mechanical  one  occupying  small  space,  situated  on  the  gas  line 
over  the  producer  and  consisting  of  two  revolving  enclosed  baffle 
plates,  belt  driven,  from  the  engine  and  running  one  within  the 
other  in  opposite  directions,  at  a  speed  of  about  1  500  r.p.m.  The 
gas  passes  upward  through  these  plates  and  meets  a  spray  of  water 
in  which  it  is  literally  washed  and  scrubbed,  the  impurities  falling 
to  a  trap  below  and  running  thence  to  the  draiu. 

This  producer  requires  less  room  than  the  ordinary  producer 
equipped  with  the  tall  tank  scrubber  of  coke  or  wood  and  gives 
excellent  results.     The  efficiency  guaranteed  was  75  per  cent,  to 
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80  per  cent.,  and  gas  at  the  engine  of  120  B.t.ii.  and  80  ft.  per  h.p. 
It  is  charged  once  in  ten  hours. 

The  Nash  engines  selected  are  of  the  three-cyhnder  type,  the 
50  h.p.  having  cyhnders  9^  in.  by  11  in.,  and  the  65  h.p.  having 
cyhnders  10|  in.  by  14  in.  The  compression  for  producer  gas  is 
about  160  lb.  These  engines  were  guaranteed  to  give  their  rated 
b.h.p.  on  10  500  B.t.u.  per  h.p.-hr.  at  full  load,  11500  B.t.u.  at 
three-fourths  load,  13  500  B.t.u.  at  one-half  load,  and  23  000  B.t.u. 
at  one-fourth  load.  Their  speed  is  260  r.p.m.  for  the  65  and  300 
r.p.m.  for  the  50-h.p.  engines. 

The  ]iumps  are  8  in.  by  10  in.  and  9  in.  by  12  in.  double  acting, 
for  the  750  000-gal.  and  the  1  000  000-gal.  respectively  and  are 
guaranteed  as  having  an  efficiency  of  85  per  cent. 

A  new  brick  station  (Fig.  2)  was  designed  by  the  writer  at  Gravel 
Pond  iov  the  two  million-gallon  units,  and  the  machinery  installed 
in  the  spring  of  1909.  The  pipe  lines  and  concrete  standpipe  hav- 
ing already  been  erected,  the  new  plant  was  put  in  commission  in 
June,  1909.  About  the  first  of  August  of  the  same  year,  the  opera- 
tives having  learned  to  operate  the  new  plant,  the  home  station 
was  dismantled  and  the  old  steam  pumps  removed,  and  work  was 
started  upon  the  new  equipment  there.  This  was  done  at  the 
height  of  our  summer  season,  and  that  the  faith  we  reposed  in  the 
new  plant  was  not  misplaced  is  evidenced  by  the  fact  that  the 
entire  season's  work  was  carried  through  by  this  plant  without 
an}^  serious  trouble  whatever. 

At  the  end  of  the  succeeding  November,  the  home  plant  was 
set  in  operation,  and  both  have  been  in  constant  use  since. 

The  operatives  who  run  these  plants  are  both  old  steam  engineers 
and  approached  the  work  with  some  doubt  and  misgivings,  having 
a  large  share  of  the  feeling  that  while  theoretically,  perhaps,  a 
horse-power  is  a  horse-power,  still  that  generated  by  steam  is  the 
most  reliable.  Their  experience  in  learning  the  operation  of  the 
plants  was  without  particular  incident  or  cUfficulty,  and  as  they 
became  familiar  with  the  new  work  and  their  interest  increased, 
their  efficiency  kept  pace  with  it,  until  they  seem  to  have  as  much 
confidence  in  their  plants  as  if  their  old  friend  steam  was  still 
working  for  them. 

The  producer  consists   essentially  of  an  upright  iron  cylinder 
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10  "ft.  high  and  o  ft.  in  (Uuincter,  hiunl  with  suitable  fire  brick,  into 
which  coal  is  fed  from  the  top.  It  is  kept  filled  with  coal  for  almost 
the  entire  depth,  the  space  occupied  by  the  bed  of  fire  lieing  cjuite 
thin. 

The  operator,  commencing  his  work  with  the  fire  standing  over, 
cleans  his  fire  by  means  of  ]:)oking  bars  which  are  passed  verticalh' 
down  from  the  top  of  the  ]iroducer  through  small  protected  holes, 
close  to  the  lining,  working  the  fire  ash  to  the  grate.  The  fire  is 
shaken  by  a  swinging  grate,  and  the  ash  and  clinker  removed 
from  the  lower  doors. 

Upon  the  skill  of  the  operator  in  cleaning  and  coaling  his  fire 
rests  in  a  great  measure  the  best  results  as  to  economy-  and  even 
running.  It  is  not  a  difficult  matter  to  learn,  but  its  practice  calls 
for  constant  and  conscientious  olxservance,  if  the  best  results 
are  to  be  had. 

The  fire  cleaned,  the  coal  for  the  day's  run  is  placed  in  the 
producers.  This  is  fed  from  the  top,  and  we  have  arranged  our 
plants  in  such  a  manner  that  coal  is  stored  at  the  level  of  the 
producer  top  and  from  thence  wheeled  directly  to  the  producer. 

The  producer  having  been  charged  with  coal,  a  pipe  to  the  atmos- 
phere is  opened  and  a  draft  from  below  forced  through  the  pro- 
ducer, starting  up  the  fire,  and  in  from  five  to  fifteen  minutes 
producing  a  gas  whose  quality  is  tested  from  time  to  time  by 
lighting  a  ])urner  attached  to  the  line.  When  the  flame  burns  at 
the  fight  colo]'  for  good  gas  the  operator  is  read\'  to  start  his 
engine. 

Shutting  off  his  blower,  wliicli  we  run  from  a  water  motor,  and 
closing  the  "  standover  pipe,"  the  engine  is  started  by  turning 
it  over  by  compressed  air  introduced  into  one  cylinder.  With  the 
engine  in  motion  from  this  agency,  the  other  two  cylinders  draw 
in  gas  from  the  producer  and  commence  their  explosions.  When 
these  are  occurring  regularly  the  air  is  cut  off  from  th(>  other 
cylinder  and  gas  admitted. 

(.'urrent  for  ignition  is  furnished  by  storage  batteries  for  start- 
ing and  for  regular  running  by  a  b(>lt-driv(>n  magneto  floating  its 
excess  on  the  storage  cells. 

The  air  for  starting  is  compressed  by  an  air-compressor  belt- 
driven  from  a  shaft  operat(vl  from  the  engine.     Another  air  com- 
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pressor  is  belt-connected  with  the  water  motor  which  is  used  to 
operate  the  power  blower.  This  second  air  compressor  and  water 
motor  we  installed  after  beins;  left  without  compressed  air  and 
both  engines  at  rest. 

The  engines  and  producers  are  in  duplicate  and  so  arranged 
that  either  engine  may  be  used  with  either  producer. 

With  the  engine  running  smoothly,  the  pump  is  put  in  l^y  throw- 
ing in  a  friction  clutch  starting  the  pump  with  the  by-pass  open. 
The  by-pass  is  slowly  closed  and  the  load  is  gradually  picked  up 
with  the  minimum  of  shock. 

In  shutting  down  it  is  the  custom  of  our  operatives  to  shut  off 
the  gas  from  the  engine  and  let  the  whole  plant  come  to  rest 
gradually.  By  this  means  there  is  no  perceptible  water  hammer; 
but  if  the  clutch  were  to  be  pulled  out  suddenly,  a  very  severe  water 
hammer  would  result. 

Pumping  can  be  quietly  and  easily  stopped  and  started  at  any 
time  with  the  engine  and  pumps  rimning  by  opening  or  closing 
the  by-pass  gradually. 

The  time  necessary  for  starting  from  the  fire  left  on  the  night 
before  varies  from  thirty  minutes  to  an  hour  in  our  experience, 
depending  upon  whether  or  not  the  operator  has  a  helper  in  clean- 
ing the  fire.  In  an  emergency  the  plant  can  be  started  without 
cleaning  the  fires,  as  soon  as  the  blower  can  warm  up  the  fire 
sufficiently  to  give  good  gas,  or,  under  reasonably  good  conditions, 
in  ten  to  fifteen  minutes.  From  an  empty  producer  I  am  not  able 
to  state  how  quicklj^  the  engine  can  l^e  running,  but  we  have 
accomplished  it  in  about  two  and  one-half  hours. 

The  results  of  operation  have  been  very  satisfactory  and  ful- 
filled the  guaranties  given  us  for  test  conditions  by  the  makers. 

Test  conditions  have  given  us  at  the  home  plant,  a  pumping  duty 
of  150  000  000  ft.  lb.  per  100  lb.  of  coal;  or,  allowing  85  per  cent, 
efficiency  for  the  pumps  and  a  proper  allowance  for  power  for 
the  scrubber,  air  pumps,  etc.,  a  consumption  of  1.002  lb.  of  coal 
per  h.p.-hr.,  including  standover.  At  this  plant  we  have  a  load  of 
about  90  per  cent,  of  our  rating. 

At  the  Gravel  Pond  Station,  we  have  a  load  of  but  a  trifie  over 
three  quarters  of  our  rating,  and  a  lower  duty  is  naturally  to  be 
looked  for. 
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Under  test  t'onditions  at  this  plant  under  tlnve-fourths  load,  we 
have  obtained  a  pumping  duty  of  125  000  000;  or,  with  the  same 
allowance  for  efficiency  of  ])unip  and  shaftinj-;,  a  coal  consumption 
of  about  1.2  lb.  of  coal.  Under  a  load  of  its  rated  capacity  and  a 
ten-hour  run,  the  al)ov(>  results  correspond  to  about  150  000  000 
duty,  and  just  about  a  pound  of  coal  per  b.h.p.-hr.  for  the  engine 
and  i)roducer  duty. 

WATER  CONSUMPTION 
MANCHESTER  MASS. 
YEAR  OF  1910 


Fk;. 


We  draw  our  water  from  two  sources  and  run  both  plants 
throughout  the  year  mi.xing  the  water.  (Pig.  8  shows  the  con- 
sumption for  1910.) 

The  home  plant  has  its  hardest  work  in  the  sunnner  when  th(^ 
load  is  greatest  and  the  cold  ground  water  is  desired,  making  long 
runs  at  nearly  its  full  capacity. 

The  Gravel  Pond  Plant,  on  the  other  hand,  runs  more  nearly 
uniformly,  pumping  about  eight  hours  a  day  in  the  summer  and 
five  or  six  hours  a  day  in  the  winter,  and  at  two  thirds  its  rating. 

Under  these  conditions,  the  home  plant  gave  for  the  summer 
months  a  pumping  duty,  including  standover,  from  104  000  000 
to  135  000  000  ft.  11).,  averaging  aI)out  120  000  000  ft.  lb.  per  100 
lb.  of  fuel. 
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During  other  months,  when  the  plant  is  run  ])ut  two  or  three 
days  per  week,  and  about  five  or  six  hours  per  day,  and  stands  over 
the  balance  of  the  time,  our  duties  including  all  standovers  will 
average  about  75  000  000  for  a  two-day  run  a  week. 

The  results  at  the  Gravel  Pond  Station,  having  due  regard  to 
the  fact  that  the  plant  is  run  fewer  hours  per  day  and  at  a  lower 
ratio  to  its  capacity,  are  quite  as  good  as  those  at  the  home  station. 

From  January,  1910,  to  January  1,  1911,  the  home  station 
pumped  50  880  000  gal.  against  a  total  head  of  260  ft.,  at  an 
expenditure  of  coal  of  131  609  lb.  This  gives  a  duty  of  83.3 
million  ft.  lb.  for  the  entire  year. 

At  the  Pond  Station  we  have  in  the  same  time  pumped 
66  580,000  gal.  at  an  expenditure  of  175  479  lb.  of  coal  or  at  a 
duty  of  73.4  million  ft.  lb. 

These  figures,  I  would  emphasize,  are  including  all  standovers 
and  items  of  every  sort,  and  include  four  to  seven  months  when  the 
plants  are  run  but  about  six  hours  a  day  for  but  two  or  three  days 
each  week. 

I  would  further  emphasize  the  fact  that,  remembering  what  I 
have  stated,  that  the  economical  running  of  a  producer  depends 
on  the  skill  of  the  operator  in  handling  his  fire,  the  above  duties 
represent  the  combined  handling  of  several  men  during  the  year. 

We  are  well  satisfied  with  the  result  when  we  are  able  to  pump 
some  118  000  000  gal.  of  water  against  a  mean  total  head  of 
246  ft.  with  a  total  coal  bill  of  153|  tons. 

Our  installations  are  for  a  total  of  230  h.p.  and  cost  us  above  the 
foundations,  exclusive  of  pumps,  $22  000,  or  a  little  less  thaii 
$96  per  b.h.p. 

Including  the  pumps,  the  cost  for  the  total  eciuipment  on  founda- 
tion was  about  $32  000. 

The  experience  of  the  department  at  Manchester  is  that  all  the 
operators  who  have  run  these  two  plants  have  learned  their  work 
readily  and  had  no  special  difficulty  in  operating. 

It  has  also  shown,  — 

1.  A  cool,  clean,  uniform  fire  must  be  maintained  in  the  pro- 
ducer, and,  to  obtain  this,  operators  must  learn  from  experience 
how  to  care  for  and  maintain  their  fires  and  be  persistent  in  so 
doing. 
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2.  The  operator  must  keep  the  engme  clean  and  well  oiled,  and 
the  ignition  and  compression  in  perfect  order. 

3.  For  the  best  economy  the  plants  should  be  run  at  least  ten 
hours  per  day,  as  a  long  standover  and  consequent  cleaning  and 
longer  blo^ving  up,  use  coal  to  no  purpose. 

4.  That  under  the  best  conditions  a  station  duty  at  full  load  of 
150  000  000  ft.  lb.  per  100  11).  of  coal  can  be  obtained;  and  that 
a  station  duty  for  the  sunnner  months  of  125  000  000  and  for 
the  year,  including  about  six  months  when  runs  of  Init  two  or 
three  days  of  six  hours  each  are  made,  of  about  80  000  000,  can  be 
obtained. 

5.  That  our  fuel  cost  with  coal  at  $5  varies,  for  1  000  000  gal. 
raised  one  foot,  from  an  average  of  1.73  cents  in  summer  to  2.78 
cents  in  the  short  runs  and  long  standovers  of  ^^^nter;  and,  even 
when  taken  for  the  year  and  under  the  adverse  conditions  men- 
tioned, the  average  for  the  year  is  2.5  cents. 

These  are  a  few  of  the  results  which  we  have  found  at  Manchester 
in  the  course  of  a  year  and  a  half  of  constant  use,  and  we  feel  that 
they  show  good  economy.  The  operation  of  the  plant  has  not  been 
at  all  difficult  and  the  repairs  very  slight. 

The  WTiter  feels  that,  for  conditions  of  water-supply  pumping 
similar  to  those  at  Manchester,  the  use  of  gas  engines  operating 
from  suction  producers  is  worthy  of  careful  consideration,  not 
particularly  as  to  first  cost,  but  to  economy  of  operation.  Were  we 
at  Manchester  to  install  a  new  plant  to-day,  I  am  of  the  opinion 
that  it  would  be  of  the  t^^^e  I  have  described  to  you. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.*  I  would  like  to  ask  Mr.  Allen  how 
nearlj'  the  Venturi  meters  agree  with  the  pump  displacement? 

Mr.  Allen.  When  the  pumps  were  first  installed  they  had  a 
tr^lip  of  about  one  per  cent.  At  the  present  time  it  is  a  little  less 
than  two  per  cent.  The  pumps  have  not  been  packed  since  the>' 
were  put  in. 

Mr.  John  C.  Chase. f  I  would  like  to  ask  how  near  the  serv- 
ice meters  correspond  with  the  meters  on  the  suction? 

*  Civil  Engineer,  Boston,  Mass. 

t  Consulting  Engineer,  Dorry  Village,  X.  H. 
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Mr.  Allen.  1  am  working  on  that  at  the  present  time,  but 
haven't  any  results  to  give  yet.  I  am  interested  to  see  how  it 
will   come   out. 

Mr.  Harry  !>.  Thomas.*  Mr.  Allen  is  to  be  congratulated 
upon  the  fact  that  the  operators  have  had  so  little  trouble  in 
managing  the  plant.  We  do  not  have  any  trouble  now,  but  the 
paper  which  I  presented  two  years  ago  f  dealt  particularly  with  the 
drawbacks  in  connection  with  such  an  installation.  I  might  say 
that  we  have  now  conquered  our  difficulties  and  are  entirely 
satisfied  with  the  results  that  we  are  getting  from  our  plant,  so 
much  so  that  we  are  in  process  of  installing  another  plant,  which 
mil  consist  of  a  2  million  gallon  pump  with  a  100  h.p.  producer 
and  an  85  h.p.  gas  engine.  It  is  of  a  different  make  from  our  first 
plant,  although  of  the  suction  type.  We  are  getting,  running 
as  we  now  are,  a  duty  of  90  million,  and  last  October,  when  we 
were  operating  under  conditions  similar  to  those  that  obtained 
during  the  test  of  our  plant  in  1906,  we  developed  124  million. 
The  duty  during  the  test  exceeded  140  million;  I  think  it  was 
between  140  and  142  million. 

There  are  a  few  questions  I  would  like  to  ask  Mr.  Allen.  One  is 
in  regard  to  the  exhaust  pipe  from  the  engine.  At  first  we  piped 
into  a  cast-iron  muffler,  and  then  from  this  muffler  out  through 
the  roof  of  the  building.  Now  we  have  run  the  pipe  into  a  con- 
crete pit,  which  is  situated  perhaps  90  feet  from  the  building, 
and  from  that  we  lead  a  pipe  into  a  dry  well.  We  did  this  for 
the  purpose  of  doing  away  with  the  noise  of  the  exhaust,  but 
we  didn't  provide  for  any  expansion  of  the  exhaust  pipe,  with 
the  result  that  an  elbow  near  the  engine,  at  the  free  end  of  the 
pipe,  simply  went  to  pieces.  I  wonder  just  how  Mr.  Allen  has 
provided  for  expansion,  if  he  has  similar  conditions. 

Another  matter  is  about  the  chimney  pipe  from  the  generator,  — 
whether  it  runs  independently  through  the  roof,  or  whether 
Mr.  Allen  considered  running  it  into  the  chimney  flue  of  the  station. 

Mr.  Allen.  In  relation  to  the  exhausts,  we  pipe  them  up 
through  the  roof  and  use  no  muffler.  One  of  our  plants  is  near 
the  pond,  in  the  wilderness,  and  it  doesn't  bother  anybody.     The 

*  Assistant  Superintendent,  Hinghani  Water  Company.  Hingham,  Mass. 
t  Journal  N.  E.  W.  W.   A.,  Vol.  XXII,  p.   1. 
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other  one  is  down  in  the  viUanc  but  no  one  seems  to  notice  it 
very  much.  We  have  three  cyhnder  engines  and  they  do  not 
make  nearly  as  much  noise  as  the  average  automobile  with  the 
muffler  cut  out.  The  nearest  house  is  about  100  yards  away, 
and  the  neighborhood  is  thickly  settled,  but  we  don't  hear  any 
complaint  about  the  noise.  1  think  Mr.  Thomas  has  a  one  cylin- 
der engine  and  the  exhaust  comes  at  longer  intervals,  and  so, 
perhaps,  it  makes  more  of  an  impression  on  anybody  who  is  Hsten- 
ing. 

As  to  our  standover  pipes,  I  had  intended  to  put  them  into  the 
chimney,  l)ut  after  I  had  considered  it  and  gotten  advice  I  con- 
cluded I  wouldn't,  and  pi()ed  them  straight  up  through  the  roof. 
I  think  the  straighter  and  freer  one  of  these  standover  pipes 
can  go,  the  better.  T  Avas  also  afraid  that  if  I  put  them  into  the 
chinmey  I  might  get  a  collection  of  gas  there,  and  some  day  sonie- 
bod>'  might  come  along  A\ath  a  stove  and  put  the  pipe  in  the  chim- 
ney and  we  would  have  an  explosion.  I  think  it  is  a  good  idea 
to  have  the  pipes  go  as  directly  to  the  air  as  possible. 

Mr.  Thomas.  How  about  coal?  What  luck  are  you  having 
in  purchasing  a  uniform  (piality? 

Mr.  Allen.  We  are  buying  pea  anthracite.  I  don't  know 
just  what  the  name  of  it  is,  but  I  am  advised  it  has  a  thermal 
value  of  about  12  000  B.t.u.  We  are  getting  it  for  $5  a  short 
ton  delivered,  and  it  runs  pretty  uniformh'.  We  have  had  no 
trouble^  with  sulphur,  we  have  had  ver^'  few  back  fires,  and  it 
gives  (juite  a  uniform  gas.  I  am  not  familiar  with  the  mine  from 
which  it  comes,  but  it  is  the  ordinary  screening.  We  get  it  from  a 
local  dealer  who  screens  his  anthracite  as  it  comes  in.  If  we 
bought  from  the  mines,  Ave  Avould  have  to  buy  in  too  large  a  ([uaii- 
tity  for  our  needs. 

Mr.  Thomas.  At  present  we  are  using  the  Sci'anton  ( 'oal 
Company's  pea  coal.  While  we  have  had  all  sorts  of  difficulty 
in  determining  what  was  the  best  coal  to  use,  and  where  to  get  it, 
we  have  finally  settled  upon  this  ))articulai'  coal,  which  is  giving 
us  excellent  results.  We  are  ])um])ing  a  million  and  a  ([uarter 
gallons  a  da}-  and  burning  from  1  O.jO  to  1  OSO  |)ounds  of  coal. 
That  is  against  70  pounds  pressure.  We  don't  buiii  much  less  if 
we  only  ]iinn]')  against  10  potmds.     Th(M-e  is  gi-catci-  economy  in 
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pumping  against  a  heavier  pressure.  Our  coal  is  costing  us, 
landed  at  the  pumping  station,  $5.30  a  long  ton. 

Mr.  Hayes.*  I  should  like  to  ask  Mr.  Allen  whether  the  work- 
ing platform  around  the  generator  is  wood  or  iron. 

Mr.  Allen.     Iron. 

Mr.  Fuller.  I  should  like  to  ask  Mr.  Allen  how  much  noise 
this  plant  makes  in  the  building. 

Mr.  Allen.  The  65  h.p.  plant  makes  considerable  noise  in 
the  builchng.  The  50  h.p.  plant  makes  a  great  deal  less,  whether 
because  it  is  a  smaller  size  or  not  I  don't  know.  I  think  it  is 
chiefly  because  there  is  a  little  more  care  taken  in  the  timing 
gears.  The  pump  gears  have  rawhide  pinions  and  the  noise  from 
it  is  slight.  The  chief  noise  from  the  engine  is  from  the  cam 
shaft  and  the  valve  rods  going  up  and  down.  One  plant  is  quite 
noisy  and  the  other  quite  comfortable,  I  should  say. 


*  Of  F.  H.  Hayes  Machinery  Company,  Boston. 


PEASE.  17 


THE  RELATION  OF  FLIES  TO  THE  TRANSMISSION  OF 
INFECTIOUS  DISEASES. 

BY    HERBERT    D.    PEASE,    SANITARY    EXPERT,    BOARD    OF   WATER 

SUPPLY,    NEW    YORK   CITY. 

[Read  September  23,  WW.] 

In  the  historj'  of  the  development  of  sanitary  science,  as  in  the 
progress  of  all  subjects  where  the  natural  sciences  play  a  part, 
we  find  that  the  practical  results  have  been  those  that  have  been 
sought  for  primarily.  Thus,  in  the  prevention  of  the  spread  of 
infectious  diseases,  those  in  which  a  method  of  transmission  was 
discovered  early  have  been  the  ones  to  which  the  greatest  pre- 
ventive efforts  have  been  applied.  In  the  case  of  typhoid  fever, 
the  early  discovery  of  its  relation  to  polluted  water  was  the  means 
of  stimulating  the  development  of  the  great  engineering  work 
which  has  made  it  possible  to  eliminate  water-born  typhoid. 

We  have  come  to  a  point  where  a  large  part  of  the  value  of  the 
engineering  aspects  of  this  work  have  l^een  demonstrated,  and  still 
we  find  what  we  are  pleased  to  call  "  residual  "  typhoid  fever. 
The  cause  of  residual  t\TDhoid  fever  is  a  matter  of  the  very  greatest 
importance,  not  only  to  the  sanitarian  and  to  the  epidemiologist, 
but  also  to  those  who  are  working  in  sanitary  engineering,  and  even 
to  those  who  are  working  in  the  special  field  of  water  purification. 
Because,  if  we  are  to  get  the  greatest  efficiency  from  the  water 
purification  works,  we  must  decrease  the  amount  of  pollution 
having  access  to  them,  and  that  means  that  we  must  cut  down  the 
amount  of  typhoid  fever  caused  by  agencies  other  than  by  water. 

If  you  have  studied  the  occurrence  of  typhoid  fever  during  the 
various  seasons  of  the  year  in  various  parts  of  the  world,  you  Anil 
find,  in  practically  all  civihzed  countries,  that  typhoid  not  only 
exists,  but  that  there  is  what  we  call  the  "  autumnal  increase,"  or 
a  special  seasonal  prevalence,  of  the  disease.  This  has  its  height 
anywhere  from  July  to  October,  varying  in  different  parts  of  the 
world.  This  autumnal  increase,  in  the  opinion  of  many  epidemi- 
ologists, has  comparatively  little  to  do  with  water  transmission 
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of  infection.  For  several  years  I  have  been  looking  for  a  first- 
class  epidemic  of  typhoid  fever  in  the  late  summer  and  early  fall, 
which  could  be  really  fairly  attriV)utal)le  to  water  transmission, 
and  I  may  say  that  I  know  of  none  except  those  in  which  the 
]:)oIlution  of  the  water  has  occurred  almost  immediately  before  its 
consumption.  If  the  pollution  has  l)een  a  direct  one,  I  think  it 
is  possible  to  have  even  typhoid  bacilli  carried  by  water  in  the 
summer  time  and  in  the  early  fall,  l)ut  we  have  yet  to  find  any 
out]:)reaks  due  to  indirect  water  pollution  in  the  summer  season. 

If  we  take,  for  example,  the  city  of  Albany,  we  will  find  that 
its  maximum  incidence  of  typhoid  fever  during  the  years  when 
it  was  consuming  raw  Hudson  River  water  occurred  in  the  winter 
season,  and  yet  the  autumnal  increase  of  the  disease  was  also 
noted  in  the  months  of  August,  September,  and  October.  Not  long 
ago  the  filter  plant  of  the  city  of  Poughkeepsie  was  in  bad  condition. 
There  was  at  about  the  same  time  a  tremendous  increase  in  the 
amount  of  typhoid  fever  in  that  city.  This  was  in  the  winter 
season,  but  the  autumnal  increase  in  typhoid  likewise  existed. 
As  soon  as  the  filter  plant  in  Albany  was  installed,  the  winter 
typhoid  fever  practically  disappeared,  but  there  was  still  the 
autumnal  increase.  In  the  city  of  Poughkeepsie  the  same  thing 
was  true.  When  the  filtration  system  was  put  in  good  condition, 
the  winter  typhoid  practically  disappeared,  l:)ut  the  autumnal 
increase  was  still  present ;  and  in  the  case  of  Poughkeepsie  it  was 
even  greater  than  it  had  been  before  the  filter  was  repaired  and 
put  in  proper  condition. 

Now,  what  is  the  cause  of  the  autumnal  increase  in  typhoid 
fever?  I  do  not  really  think  any  of  us  can  satisfactorily  answer 
that  question.  There  are  many  factors  to  which  have  been  at- 
tributed the  cause  in  part,  or  in  large  part,  —  namely,  milk,  fresh 
vegetables,  foods,  shellfish,  and  contact  cases.  I  think  most 
medical  epidemiologists  believe  that  direct  contact  between  cases, 
convalescents,  and  carrier  cases,  is  the  cause  of  a  large  part  of  the 
autunmal  increase  in  the  cUsease,  especially  in  cities.  The  contact 
due  to  the  migration  from  the  cities  to  the  country  and  back  again 
in  those  months  undoubtedly  has  something  to  do  with  it,  but 
yet,  unquestionably,  flies  play  a  considerable  role  in  this  increase. 

Many  epidemiologists  believe  that  the  flies  are  the  means  of 
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transmitting  disease  in  the  rural  districts  rather  more  than  in  the 
cities.  Doubtless  that  is  the  case  and  that  in  the  rural  districts 
disease  is  much  more  frequently  transmitted  by  the  flies  than  in 
the  cities.  They  argue  that  the  opportunities  for  the  fly  to  come 
in  contact  with  infectious  materials  are  not  as  great  in  the  cities 
as  in  the  country  districts,  and  undoubtedly  that  is  the  case. 
D.  D.  Jackson,  on  the  other  hand,  feels  certain  that  flies  are  re- 
sponsible for  much  of  the  summer  typhoid  and  infant  mortality 
in  New  York  City,  through  the  transmission  of  sewage  bacteria 
from  the  water  front.  While  some  may  doubt  that  the  flies  came 
in  contact  mth  the  infectious  material  from  the  sewage  left  upon 
the  pillars  at  the  wharves  and  the  piles  and  the  wharves  them- 
selves by  reason  of  the  lowering  of  the  tide,  as  was  claimed  by 
Jackson,  there  can  l)e  no  doubt  that  the  unsanitary'  conditions 
which  exist  around  the  piers  in  the  city  of  New  York,  and  in  those 
very  congested  districts  of  the  city  near  the  piers,  furnish  ample 
opportunities  for  flies  to  become  infected. 

I  shall  speak  a  little  later  of  the  outbreaks  of  typhoid  fever 
which  have  been  caused  by  flies,  and  during  which  flies  caught  in 
the  neighborhood  of  the  cases  where  unsanitary  conditions  existed, 
were  found  to  contain  typhoid  fever  bacilli  both  on  their  legs  and 
in  their  fecal  discharges. 

To  speak  more  particularly  about  the  fly,  we  will  do  well  to  note 
first  that  there  are  a  great  many  varieties  of  flies,  and  undoubtedly 
many  of  them  are  of  importance  in  this  matter.  It  will  not  be 
possible  to  give  a  detailed  description  of  the  different  types  of 
flies,  and  why  some  of  them  are  j^robaVjly  more  important  than 
others  in  the  transmission  of  typhoid  fever,  but  it  will  suflSce 
to  say  that  the  fly  which  breeds  upon  organic  mattei*  of  animal 
origin  is  probably  much  more  important  than  the  fly  that  breeds 
particularly  upon  decaying  vegetable  matter.  Now,  as  a  matter 
of  fact,  the  ordinary  house  fly,  the  Mu.sca  dotnestica,  which  con- 
stitutes about  90  per  cent,  of  the  flies  which  are  found  in  our 
houses  and  around  habitations,  does  not  breed  in  decaying  animal 
matter.  The  female  domeHtica  lays  its  eggs  chiefly  in  tlecaying 
vegetable  matter,  and  apparently  the  only  animal  matter  in  which 
it  will  lay  its  eggs  is  human  excrement.  Some  biologists  even 
doubt  that  the  domedica  fr(>quently  lays  its  eggs  in  human  excre- 
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ment.  So  the  general  statement  the  the  domestica  is  resi3onsible 
for  most  of  the  transmission  of  typhoid  fever  may  be  questioned 
by  those  who  have  observed  that  this  species  of  fly  does  not  lay 
its  eggs  frequently  in  animal  matter. 

There  are,  however,  a  large  number  of  other  flies,  which,  if  we 
didn't  stop  to  examine  them,  we  would  classify  as  the  domestica, 
which  are  frequently  present  in  civilized  communities.  There  are 
the  very  small  fruit  flies  which  breed  only  in  decaying  fruit. 
Then  there  are  the  large  flower  flies  which  breed  particularly  among 
flowers  and  vegetation.  Then  we  have,  as  you  all  know,  the  biting 
flies  that  develop  in  stables,  and  there  are  also  the  blue-green  and 
so-called  "blow"  flies  that  develop  particularly  upon  decaying 
animal  matter.  These  flies  are  not  seen  frequently  in  human 
habitations. 

So  we  see  that  the  species  of  fly  and  the  method  of  breeding 
are  matters  of  very  considerable  importance.  The  fly  ordinarily 
lays  its  eggs  in  such  a  location  as  will  furnish  the  best  food  for  the 
development  of  the  egg  and  for  the  nourishment  of  the  larvae.  It 
is  astonishing  that  so  little  is  known  about  the  course  of  develop- 
ment and  life  cycle  of  many  of  these  species  of  flies  other  than  the 
domestica.  The  domestica  has  been  studied  rather  thoroughlj",  and 
most  of  the  information  which  is  to  be  had  in  literature  concerns 
this  particular  species. 

The  female  domestica,  as  I  have  said,  lays  its  eggs  in  decaying 
vegetable  matter  and  in  human  feces.  It  will  lay  at  one  time  about 
fifty  eggs,  and  these,  depending  upon  the  temperature,  the  amount 
of  moisture  present,  and  other  physical  conditions,  will  develop 
into  the  larval  stage  in  from  eight  to  twenty-four  hours.  The 
question  of  temperature  is  one  of  considerable  importance  in  the 
matter  of  the  life  cycle  of  the  domestica,  and  the  question  of  mois- 
ture also  determines  its  rate  of  growth. 

The  domestica  will  lay  from  one  hundred  and  twenty  to  two 
hundred  eggs  in  one  season.  Sometimes  they  pass  through  even 
as  many  as  twelve  generations  in  a  season's  cycle,  all  dependhig 
upon  the  temperature  and  the  water  and  food  supplies. 

These  eggs,  fortunately  for  us,  have  a  great  many  enemies. 
The  various  ants  carry  off  a  great  many,  as  well  as  predatory  flies 
of  other  species,  for  use  as  food.    In  many  places  the  eggs  and  the 
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larvae,  or  the  maggots,  as  we  coinnionly  call  them,  are  now  grown 
artificially  for  the  purp()s(>  of  feeding  high-grade  and  fancy  fowl 
and  birtls. 

The  larval  stage  of  the  domestica  is  really  ics  most  important 
stage,  from  the  standpoint  of  the  growth  of  the  fly,  for  it  is  during 
this  stage  that  the  fly  reaches  its  full  size.  The  fly,- when  it  reaches 
the  winged  state,  has  already  attained  its  full  development. 
During  the  larval  state,  it  molts,  that  is,  it  sheds  its  skin  and  grows 
to  a  larger  size  and  again  casts  off  its  shell.  This  it  will  do  twice 
during  the  course  of  the  five  days  that  it  exists  in  this  larval  state. 

During  this  stage  it  is  possible  to  find  large  numbers  of  them 
in  various  decaying  vegetable  and  excrementary  material.  They 
have  been  found  as  many  as  five  hundred  larvge  in  one  human 
excrement.  The  numbers  that  have  been  found  in  a  pound  of 
horse  manure  run  up  into  the  thousands.  Various  investigators 
have  taken  considerable  pleasure  in  endeavoring  to  find  a  larger 
number  than  some  other  investigator. 

From  the  larvae  stage,  the  fly  passes  into  what  is  known  as  the 
pupal  stage.  During  this  period,  the  larvae  burrow  into  the  earth, 
sometimes  as  far  as  five  or  six  inches,  and  develop  hard  shells  and 
there  pass  through  another  stage  of  their  life  cycle.  At  this  time 
the  insect  is  practically  in  a  hibernating  condition.  This  is  a 
matter  of  considerable  importance  from  the  standpoint  of  the 
transmission  of  disease,  for  if  typhoid  feces  should  be  thrown  upon 
or  buried  in  the  soil,  and  were  not  put  further  down  than  six 
inches,  it  would  be  quite  possible  for  fly  larvae  to  penetrate  that 
distance  into  the  soil,  and  take  into  their  digestive  tracts  consid- 
erable amounts  of  this  fecal  material.  When  these  larva?  developed 
into  winged  insects,  they  would  discharge  this  same  material  and 
thereby  distribute  actual  germs  of  diseases.  If  typhoid  feces,  for 
example,  are  placed  in  a  dry  earth  closet  where  it  is  customary 
merely  to  cover  the  surface  with  a  film  of  earth,  it  is  quite  possible 
for  the  larvae  to  burrow  under  or  into  such  material  and  become 
contaminated  by  actually  eating  the  filth  under  the  soil,  and  then 
coming  out  again  in  the  state  of  the  winged  fly  and  transmitting 
the  germs  by  means  of  their  excrement. 

Flies  can  hibernate  in  warm  places  during  the  winter  time,  not 
only  in  the  i)U])al  stage,  but  they  can  also  do  so  in  the  fv)rm  of  the 
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winged  insect  itself;  and  one  investigator,  who  seemed  to  be  inter- 
ested in  the  mathematics  of  the  subject,  fomid  that  in  the  spring 
forty  thousand  flies  developed  from  twelve  which  had  been  hilier- 
nating  in  a  warm  place  during  the  winter. 

One  of  the  most  important  phases  of  the  relation  of  flies  to  the 
transmission  of  diseases  is  the  question  of  the  flight  of  the  fly. 
But  how  far  do  flies  usually  go?  When  he  does  travel,  he  can  make 
about  ten  miles  an  hour.  Many  say  that  flies  never  pass  more 
than  two  hundred  feet  away  from  the  place  where  they  come  out 
of  the  pupal  stage  into  the  winged  state.  But,  as  matter  of  fact, 
flies  have  been  found  many,  many  miles  from  the  site  of  their  full 
development.  Some  years  ago  I  was  familiar  with  a  legal  contro- 
versy between  certain  of  the  fish-oil  companies  and  the  Public 
Health  and  Marine-Hospital  Service,  over  the  location  of  a  hospital 
near  one  of  the  company's  factories.  The  testimony  of  the  wit- 
nesses for  the  government  went  to  prove  that  large  numbers  of 
the  flies  were  found  frequently  far  out  at  sea  on  steamboats  and 
they  were  identified  as  coming  from  this  region,  where  they  bred 
and  grew  to  maturity  on  the  exposed  drying  fish  refuse.  It  is 
therefore  undoubtedly  the  case  that  flies  can  be  blown,  as  mosqui- 
toes can  be  blown,  long  distances.  Ordinarily,  the  fly,  probably, 
does  not  pass  more  than  three  hundred  or  four  hundred  feet  away 
from  the  place  where  it  originally  developed  into  the  winged  insect; 
but  that  it  can  go  a  very  much  longer  distance  is  undoubtedly  true. 
In  the  latter  case,  the  germs  which  they  may  take  up  into  their 
cUgestive  tract,  and  which  they  may  carry  in  a  virulent  condition 
for  periods  of  two  to  three  weeks  on  the  surface  of  the  body,  mixed 
in  with  the  hairs  and  mucilaginous  material  which  is  on  the  pads 
of  their  feet,  can  be  carried  over  long  cUstances. 

The  fly  not  only  breeds  in  decaying  vegetable  and  animal  matter, 
but  it  actually  uses  those  materials  as  the  source  of  its  food.  As 
I  have  already  said,  the  larvae  take  infectious  matter  into  the  diges- 
tive tract  during  that  stage  of  their  existence,  and  the  winged 
insect  will  also  do  the  same.  Of  course,  as  you  know,  the  fly  in 
feeding  first  liquefies  the  solid  materials  with  its  own  secretions, 
and  then  absorbs  the  dissolved  materials  into  its  digestive  tract. 

The  really  important  work  in  connection  wdth  the  demonstration 
of  flies  as  transmitters  of  disease  was  done  in  the  early  days  of 
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bacteriology.  In  the  Hainl)urg  outbreak  of  Asiatic  cholera,  it 
was  showTi  that  flies  were  capable  of  taking  the  cholera  bacteria 
into  the  digestive  tract,  and  of  giving  them  off  iil  considerable 
numbers  in  the  fly-specks  or  excrement,  for  periods  up  to  two  weeks. 
The  living  bacteria  were  also  to  be  found  on  t\w  surface  of  the  fly 
during  similar  periods.  Later  on,  this  was  sho^\^l  to  be  the  case 
with  the  tyi)hoid  })acillus,  and  we  now  know  that  the  fly  can  take 
into  its  digestive  tract  living  typhoid  bacilli  and  continue  to  give 
them  off  for  periods  of  from  one  to  three  weeks,  and  that  the  living 
typhoid  bacillus  can  be  found  upon  the  legs  and  hairy  body  of  the 
fly  for  somewhat  similar  periods. 

One  of  the  most  interesting  results  of  studies  concerning  the 
relation  of  flies  to  the  transmission  of  disease  has  come  from  the 
work  of  Lord  and  others  upon  the  association  of  the  tubercle 
bacillus  and  the  fly.  Not  only  has  it  been  shoAvn  that  the  fly  har- 
bors the  tubercle  bacillus  as  he  does  the  typhoid  bacillus,  but  it 
almost  appears  that  there  is  an  increase  in  the  tubercle  baciUi 
in  the  intestinal  contents  of  the  fly,  when  the  fly  has  been  fed  upon 
tuberculous  sputum.  When  we  ponder  over  the  fact  that  on  the 
average  one  fly  may  deposit  as  many  as  fifty  fly-specks  during 
twenty-four  hours,  and  that  these  fly-specks,  when  they  are  de- 
posited upon  food,  may  actually  serve  as  a  means  for  the  intro- 
duction of  living,  virulent  germs  of  disease  into  the  human  body, 
the  importance  of  the  fly  problem  becomes  clearly  evident.  When 
the  fly-specks  are  deposited  upon  substances  such  as  furniture, 
wood,  and  cloth,  they  probably  are  without  any  significance  from 
the  sanitary  standpoint,  because  the  fly-speck  naturally  adheres 
to  the  surface  of  the  material  upon  which  it  is  laid  and  is  not  easily 
removed,  and  the  effect  of  sunlight  and  air  very  soon  kill  off  most 
of  the  varieties  of  the  disease-producing  organisms  which  it  may 
contain.  But  where  the  fly  has  actually  direct  access  to  foods 
which  are  soon  eaten  without  cooking,  there  is  a  direct  means  of 
introduction  into  the  human  system  of  the  organisms  which  the 
fly  has  taken  into  its  own  digestive  tract,  or  which  it  may  have 
upon  its  legs  and  body. 

It  has  been  noted  by  Tooth  and  others  that  the  fly  seems  to 
have  a  special  predeliction  for  alighting  on  persons  with  typhoid 
fever.     It  is  recorded  by  liiin  that  in  the  war<ls  of  a  liospilal  Hies 
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seemed  to  prefer  to  feed  upon  tlie  skin  and  lips  of  the  cases  of 
typhoid  rather  than  upon  the  cases  of  sunstroke  and  other  diseases. 
Possibly  this  was  due  to  the  fact  that  the  fly  must  of  necessity  have 
a  certain  amount  of  liquid  diet  in  order  to  subsist,  and  in  many 
rooms  the  only  moi.st  articles  are  the  human  beings,  and  naturally 
the  flies  are  attracted  by  the  perspiration  of  the  people  who  are 
inhabiting  these  rooms. 

One  interesting  item  has  been  reported  by  Veniger.  In  the  city 
of  Vienna,  there  occurred  a  case  of  smallpox  in  a  house  not  other- 
wise infected  with  this  disease,  but  which  was  in  close  proximity 
to  the  smallpox  hospital.  A  little  child  developed  a  localized 
smallpox  infection  upon  the  face.  Those  of  you  who  are  familiar 
with  the  clinical  manifestations  of  smallpox  know  that  it  rarely 
occurs  under  natural  conditions  of  infection  except  as  a  generalized 
disease.  This  child,  however,  had  a  localized  smallpox  infection 
on  the  face  similar  to  the  results  of  smallpox  inoculation  as  for- 
merly practiced,  and  the  most  plausible  reason  for  the  development 
of  this  localized  smallpox  seemed  to  be  the  possibility  that  a  biting 
fly  had  come  from  the  smallpox  hospital,  where  it  had  fed  upon  the 
skin  of  the  cases  there  and  had  introduced  the  virus  into  this 
spot  on  the  face  of  this  child.. 

Historically  the  fly  is  really  of  considerable  interest.  Those  of 
you  who  care  to  do  so  can  find  many  of  the  modern  ideas  on  the 
transmission  of  disease  and  their  prevention  in  the  books  of  Leviti- 
cus and  Deuteronomy  in  the  Bible.  Reading  them  in  the  light  of 
modern  knowledge,  you  will  find  very  interesting  revelations.  I 
have  no  doubt  that  many  of  the  customs  of  incense  burning  and 
fumigating  in  the  Hebrew  temples,  and  religious  rites  of  that 
nature,  were  to  a  large  extent  hygienic  measures.  We  know  from 
a  study  of  some  of  the  other  rites  which  were  observed  by  the 
ancient  Hebrews  that  their  main  practical  object  was  the  preven- 
tion of  the  spread  of  disease.  For  example,  one  of  the  interesting 
things  which  has  been  studied  out  is  that  the  ancient  Hebrews,  as 
part  of  their  religious  offerings,  burned  those  fatty  parts  of  the 
cattle  which  were  most  likely  to  be  infected  with  tuberculosis.  It 
is  undoubtedly  true  also  that  in  many  of  the  rites,  such  as  the 
burnt -offering  and  the  burning  of  incense,  vapors  were  produced 
which  would  either  kill  or  drive  away  flies.    As  you  all  know,  the 
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temples  where  these  rites  were  performed  were  ])ractically  the 
slaughter  houses  and  the  butcher  shops  of  the  Hebrew  people,  and 
it  is  inconceivable  that  flies  of  some  sort  were  not  pests  under  such 
conditions. 

I  will  not  go  over  all  the  ancient  references  to  flies  in  connection 
with  disease,  but  Sydenham,  who  was  probably  one  of  the  greatest 
medical  observers,  said  in  1666,  "  If  flies  are  plentiful  in  summer, 
autumn  is  likely  to  be  unhealthy." 

'The  Bisho]i  of  Kund  in  the  fifteenth  century  endeavored  to 
foretell  the  outl)reak  of  plague  b>'  the  changes  in  the  weather  and 
the  prevalence  of  flies. 

Coming  to  the  more  practical  ai)))lication  of  the  subject,  it  is 
certain  that  many  of  the  cases  of  typhoid  fever  which  have  occurred 
in  the  modern  wars  have  been  due  to  flies.  That  much  of  the  ty- 
phoid fever  among  the  troops  engaged  in  the  Franco-Prussian 
War  was  due  to  flies  is  generally  believed.  It  has  certainly  been 
demonstrated  that  in  our  OAvn  Spanish-American  War  a  very 
large  part,  at  least  ninety  per  cent.,  of  the  typhoid  fever  was 
caused  by  fly  transmission,  and  eighty  per  cent,  of  all  the  deaths 
from  all  causes  were  from  typhoid  fever.  lu  the  army  camps, 
the  germicides,  such  as  lime,  placed  in  the  latrines  and  the  sinks, 
for  disinfecting  purposes,  were  found  upon  the  food  in  the  camp 
kitchen  in  the  form  of  fly-tracks.  Then  again,  wdth  the  onset  of 
cold  weather,  the  amount  of  the  disease  diminished  very  greatly. 
In  the  Boer  War,  during  which  there  were  6  000  cases  of  typhoid 
and  only  7  500  killed  in  all  the  engagements,  when  the  cold  weather 
came  on  the  typhoid  rate  decreased;  and  when  also  successful 
efforts  wer(>  directed  toward  the  suppression  of  the  fly,  the  cUsease 
was  likewise  very  greatly  reduced. 

I  have  already  spoken  of  the  work  of  D.  D.  Jackson  for  the 
Merchants  Association  of  New  York  City,  and  I  expressed  the 
opinion  that  the  incidence  of  typhoid  fever  near  the  water  front 
in  New  York  City  w^as  quite  possibly  attributable  to  the  action 
of  flies  in  ti'ansmitliug  infectious  material  from  the  unsanitary 
conditions  in  those  neighborhoods,  and  possibly  also  to  some 
extent  from  the  transmission  of  organisms  from  the  sewage-covered 
rocks  and  i)iU>s.  Personally;  I  am  confident  that  much  of  New 
York  ('it>''s  aiitunmal  typhoid  is  due  to  the  activity  of  flies. 
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One  of  the  most  definite  outbreaks  of  typhoid  fever  attributable 
to  fiies  was  described  by  Dr.  Alice  Hamilton,  and  occurred  in 
Chicago  in  1902.  It  was  found  that  certain  regions  inhabited  by 
foreigners  were  showing  a  verj^  considerable  number  of  cases  of 
typhoid  fever.  A  sanitary  survey  of  the  location  was  made,  and 
very  unsanitary  conditions  were  found.  Open  privies  were  com- 
mon, and  so  were  flies.  Some  of  the  latter  were  collected,  and,  out 
of  18  flies,  5  were  found  to  contain  typhoid  bacilli  both  in  their 
fecal  discharges  and  upon  the  surface  of  their  l)odies.  The  dis- 
tribution of  the  typhoid  cases  and  all  of  the  factors  were  in  har- 
mony with  the  conception  that  the  outbreak  was  due  to  fly 
transmission. 

Prof.  E.  0.  Jordan,  of  the  University  of  Chicago,  showed  very 
conclusively  that  the  outbreak  m  Winnipeg,  in  1904,  of  typhoid 
was  due  to  fly  transmission.  There  very  unsanitary  conditions 
existed,  and  the  fly  existed  likewise  in  enormous  numbers. 

During  my  connection  with  the  State  Department  of  Health 
in  Albany,  I  investigated  an  outbreak  of  typhoid  fever  in  the 
village  of  Castleton,  about  eight  miles  below  Albany  on  the 
Hudson  River.  A  case  of  typhoid  had  existed  in  June  on  the 
second  floor  of  a  house  near  the  river,  below  the  main  drainage 
line  of  the  village.  In  so  far  as  I  could  determine,  the  discharges 
in  that  case  had  been  throwai  out  of  the  second  story  window  into 
the  adjoining  yard.  There  were  no  water  or  sewerage  systems  in 
this  village.  The  cases,  about  fifty  or  sixty  in  number,  which  had 
developed  between  June  and  September,  all  had  their  onset  among 
people  who  had  been  living  within  a  block  and  a  half  of  that  par- 
ticular house.  The  patients  belonged  to  all  classes  of  society. 
Contact  of  a  direct  kind  was  out  of  the  question  as  a  cause  of  the 
outbreak.  The  cases  were  distributed  among  the  customers  of 
many  milk  dealers.  In  fact,  all  of  the  evidence  pointed  to  the 
conclusion  that  this  was  a  fly  epidemic.  No  flies  were  caught 
and  examined  for  typhoid  bacilli,  but  doubtless  the  latter  were 
there. 

If  the  typhoid  bacillus  is  transmitted  by  flies,  undoubtedly 
many  other  organisms  capable  of  producing  certain  diseases,  like 
diarrheas,  are  likewise  transmitted.  In  India  especial  attention 
has  been  paid  to  this  aspect  of  the  subject,  and  Arnsworth,  Al- 
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dridge,  and  Snell,  of  the  British  Army,  and  a  nural^cr  of  other  men, 
have  AATitten  exhaustive  articles,  accompanied  by  very  elaborate 
charts,  all  showina;  the  relation  between  flies  and  diarrheal  diseases 
in  that  country.  Dr.  Jackson's  work  for  New  York  City  is  quite 
conclusive  on  this  point. 

There  are  certain  remedies  for  the  fly  pest  which  I  will  speak  of 
very  briefly.  Of  course,  the  first  to  suggest  itself  is  to  abolish  the 
breeding  places.  To  do  so  is  a  matter  of  general  sanitation.  Any 
decaying  or  decomposing  vegetable  or  animal  substance  of  any 
form,  even  decaying  and  molding  newspapers,  furnish  good  media 
for  one  or  another  species  of  fly  in  which  to  lay  its  eggs,  and  for 
the  development  of  the  larya^.  The  employment  of  general  sani- 
tary measures  proper  for  thickly  settled  communities,  and  even  of 
country  districts,  vnW  wipe  out  to  a  large  extent  the  breeding  places 
of  many  species  of  flies.  But  the  manure  piles  are  chiefly  at  fault, 
in  so  far  as  the  ordinary  house  fly  or  the  domestica  is  concerned. 
Removal  of  such  accumulations  to  regions  farther  than  three  or 
four  hundred  feet  from  habitations  is  one  of  the  most  effective 
and  probably  the  most  practical  method  of  eliminating  these 
breeding  places  of  flies.  In  many  of  our  large  cities  where  the 
horse  is  gradually  disappearing  flies  are  likewise  gradually  disap- 
pearing. 

Where  it  is  impossible  to  remove  the  manure  as  frequently  as 
once  in  every  five  or  six  days,  which  is  the  time  necessary  for  the 
fly  to  pass  through  its  entire  life  cycle  to  winged  insect  stage, 
there  are  other  means  that  may  be  taken;  but  they  are  very  in- 
efficient in  comparison  with  the  actual  removal  of  the  manure. 

For  example,  the  winged  insect  will  not  go  into  a  dark  place  to 
lay  its  eggs;  it  hardly  ever  penetrates  beyond  a  short  distance 
away  from  the  light;  so  that  the  screening  and  darkening  of 
manure  pits  is  a  more  or  less  satisfactory  method  of  treating  these 
places.  The  application  of  disinfectants  to  manure  for  the  purpose 
of  killing  the  larva  has  been  a  subject  of  considerable  exi)eri men- 
tation, and  some  few  satisfactory  results  have  been  ol)tained:  but 
likewise  a  great  many  not  so  satisfactory  have  been  obtainetl.  It 
should  be  said,  therefore,  that  attempts  to  disinfect  manure 
heaps  and  pits  for  the  elimination  of  the  fly  eggs,  larva,  and  ]nii)a 
are  not  to  be  recommended  if  removal  is  iMissible. 
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After  the  flies  are  with  us,  we  can  endeavor  to  keep  them  away 
from  our  surroundings  by  means  of  screens  and  various  methods 
of  exchision,  or  by  catching  them  with  the  numerous  kinds  of 
sticky  fly  paper  or  with  the  newer  mechanical  devices.  The  most 
efficient  of -these  have  as  the  principle  of  their  operation  some  well- 
known  l)iological  phenomena.  Flies,  as  I  have  said,  all  seek  the 
light,  and  if  you  darken  all  the  windows  by  means  of  blinds  and 
curtains,  leaving  one  light,  you  will  find  most  of  the  flies  at  that 
spot.  Fly  traps  on  windows  and  wire  cages  illuminated  at  night 
with  phosphorescent  paint  or  the  use  of  poisoned  fly  foods  and 
drinks  and  sticky  sweets  all  have  biological  reasons  for  their 
popularity.  It  is  astonishing  what  results  have  been  obtained  in 
the  catching  of  flies  by  simple  and  yet  thoroughly  scientific  devices. 


HAZEN.  29 


OF  WHAT  THICKNESS  SHALL  WE  MAKE  THE  W^ALLS 
OF  OUR  LARGE  PIPE  LINES? 

BY   ALLEN    HAZEN,    CIVIL   ENGINEER. 

[Read  November  9,  1910.] 

(1)  Cast-iron  pipe  is  coiiimoiily  designed  with,  an  apparently 
much  larger  factor  of  safet}^  than  is  used  in  the  design  of  steel  pipe. 
Notwithstanding  this,  cast-iron  pipe  frequently  breaks  in  service, 
while  steel  pipe  practically  never  breaks.  Why  is  the  steel  pipe 
more  reliable  in  this  respect  than  cast-iron  pipe? 

(2)  The  president  of  a  water  board  asked  me,  some  years  ago, 
after  a  very  uncomfortable  experience,  how  it  was  that  pipes  which 
had  been  tested  in  the  foundry  by  a  careful  inspector,  to  a  pressure 
of  300  lb.,  break  in  service  under  a  working  pressure  of  less  than 
100  lb. 

(3)  The  formulas  that  we  most  commonly  use  in  computing  the 
strength  of  cast-iron  pipe  assume  an  ultimate  tensile  strength  of 
only  16  000  to  18  000  lb.  per  square  inch,  with  a  factor  of  safety  of 
5,  while  it  is  well  known  that  the  castings  turned  out  b>'  ])ipe  found- 
ries at  the  present  time  considerably  exceed  this  strength.  Why  is 
it  not  safe  to  reduce  the  thickness  of  the  pipe  walls  in  inverse  ratio 
to  the  increased  tensile  strength  of  the  iron? 

These  are  questions  which  have  come  up  for  discussion  in  our 
office  frequently  in  the  last  few  years.  In  considering  them  I  have 
frequently  had  the  benefit  of  advice  from  Mr.  Emil  Kuichling,  and 
I  wish  to  acknowledge  at  once  many  of  his  suggestions  in  that  which 
follows. 

I  propose  to  take  uj)  these  questions  to-day  from  the  standi)oint 
of  all  the  forces  that  have  to  be  actually  met  by  the  pipe  in  the 
trench  and  to  see  how  thick  the  walls  of  the  pipe  really  need  to  be 
to  withstand  these  forces.  In  doing  this  1  think  we  shall  find  at 
least  a  partial  answer  to  these  questions,  and  I  hope  that  it  may 
lead  to  discussion  that  will  put  the  a\'ailal).l('  knowledge  on  the 
subject  in  more  satisfactory  shape. 
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In  this  discussion  I  shall  consider  only  pipes  36  in.  in  diameter 
and  over.  In  smaller  pipes  the  strength  requisite  to  make  the  pipe 
act  as  a  sufficiently  stiff  beam  to  resist  breaking  in  the  trench  may 
be  an  element  of  considerable  importance  in  determining  the  thick- 
ness of  the  walls.  In  larger  pipes  this  may  also  be  a  matter  of  some 
importance,  but  I  do  not  think  that  it  will  often  control. 

Let  us  consider  first  the  forces  that  act  upon  the  pipe  and  the 
stresses  resulting  therefrom,  which  have  to  be  met  and  resisted. 

(1)  Internal  Pressure.  This  may  be  divided  into  two  parts: 
(a)  the  ordinary  working  pressure,  and  (h)  the  pressure  resulting 
from  water  ram.  The  ordinary  working  pressure  is  ordinarily 
known  with  comparative  certainty.  The  amount  to  be  allowed  for 
water  ram  is  seldom  known  with  anythmg  like  accuracy.  In  some 
cases,  as,  for  instance,  siphons  opening  freely  to  aqueducts  or 
chambers  at  their  ends,  the  conditions  are  not  such  as  to  permit 
any  appreciable  amount  of  water  ram  to  occur,  and  the  question 
is  practically  eliminated.  The  amount  of  water  ram  that  may  be 
obtained  in  long  pipe  lines  is  practically  limited  by  the  fact  that 
the  gates  used  upon  the  line  ordinarily  require  a  considerable  time 
for  them  to  be  closed,  and  the  longer  they  take  in  closing,  the  smaller 
is  the  probable  amount  of  water  ram  that  will  result  from  the  clos- 
ing. Obviously,  the  use  of  gates  smaller  in  diameter  than  the  pipe 
line  will  allow  them  to  be  closed  more  quickly  and  will,  therefore, 
tend  to  larger  pressures  from  water  ram. 

Similarly,  the  operation  of  gates  by  hydraulic  or  electric  power 
may  permit  them  to* be  closed  more  rapidly  with  a  great  increase 
in  the  amount  of  water  ram.  It  will,  therefore,  be  desirable  when 
such  valves  are  used  to  so  gear  the  electric  motors,  or  provide  such 
small  openings  to  the  hydraulic  cylinders,  that  the  operation  of  the 
gates  will  be  very  slow,  corresponding  in  speed  to  hand  operation. 
As  it  is  only  the  final  closing  that  produces  water  ram,  it  would 
seem  mechanically  possible  to  devise  a  gate  that  could  be  quickly 
brought  by  power  to  three  fourths  closed,  and  then  move  very 
slowly  to  its  seat,  by  some  change  in  the  operating  mechanism. 

Mr.  Kuichling  has  told  me  that  in  the  24-in.  Rochester  pipe 
line,  with  hand-operated  gates  of  the  same  size  as  the  pipe,  with 
the  most  rapid  closing  of  the  gates  that  could  be  practically  carried 
out,  he  never  observed  a  water  ram  amounting  to  more  than  one 
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half  of  the  static  pressure  l)ehind  the  gate.  Pro])al)ly  with  jjroper 
precautions,  on  a  long  pii)e  line,  the  water  ram  may  be  held  within 
these  limits,  ])ut  there  may  be  exceptions. 

For  instance,  at  S])ringfield,  in  a  short  line  of  42-in.  steel  pipe 
leading  from  the  settling  basin  to  the  filters,  a  l)alanced  valve  was 
pro\ided  for  automatically  controlling  the  water  level  on  the 
filters.  Only  a  jiart  of  the  water  went  through  this  valve.  On 
one  or  more  occasions  the  valve  .has  stuck  until  the  water  level  got 
some  distance  beyond  what  was  intended,  and  then  closing  quickly, 
the  water  ram  l^ehind  the  valve  has  l)een  so  great  as  to  force  water 
through  various  rivetetl  joints  in  c![uarter-inch  steel  plates  in  a 
connected  water  wheel  casing.  I  should  say  in  this  case  that,  with 
a  total  static  head  of  only  about  25  ft.,  the  water  ram  must,  at  the 
very  least,  have  been  over  100  lb.  per  sc^uare  inch,  or  ten  times  the 
amount  of  head. 

The  conditions  in  this  respect  correspond  to  those  in  the  ordi- 
nary hydraulic  ram,  which,  as  is  well  known,  will  lift  water  to  a 
height  more  than  ten  times  as  great  as  the  distance  that  the  water 
falls. 

It  is  a  good  rule  to  design  all  the  gates  on  main  pipe  lines  so  as 
to  prevent  water  ram  as  far  as  possible,  and  then  allow  fift>'  per 
cent,  in  addition  to  the  static  pressure. 

(2)  Stresses  from  Internal  Strains  in  the  Metal.  In  cast-iron  pipe 
there  are  internal  strains  in  the  casting  resulting  from  unequal 
cooling.  Such  strains  may  be  assumed  to  always  exist,  but  in 
amounts  varying  very  greatly  with  the  excellence  of  the  procedure 
in  cooling  the  pipe  after  casting. 

In  steel  pipe  there  are  also  internal  strains  in  the  steel  plates, 
but  these  are  usualh'  of  nnich  less  practical  significance  than  those 
existing  in  cast-iron  pipe  because  the  material  is  malleable  instead 
of  brittle  and  is  capable  of  being  bent  and  considerably  distorted 
without  reduction  in  strength. 

(3)  Stresses  that  come  from  the  Weight  of  the  Backfill.  If  the 
backfill  pressed  equally  on  the  pipe  from  all  directions,  or,  in  other 
words,  if  it  acted  as  a  liquid,  these  pressures  would  be  radial  and 
balance  each  other.  But  such  backfill  is  never  obtained.  The 
inequality  in  the  distribution  of  pressures  varies  with  different 
materials,  and  with  the  manner  in  which  those  materials  are  packed. 
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The  best  published  discussion  of  this  subject  that  the  speaker  has 
found  is  by  Prof.  Arthur  N.  Talbot,  Bulletin  of  the  University  of 
lUinois,  No.  22,  April  29,  1908. 

Professor  Talbot  concluded,  as  a  result  of  his  investigations, 
that  for  ordinary  conditions  it  was  best  to  assume  that  the  pipe 
carries  on  its  upper  half  a  weight  equal  to  the  whole  weight  of  the 
material  in  the  backfill  above  the  pipe  as  a  uniformly  distributed 
load,  and  that  this  weight  is  transmitted  through  the  sides  of  the 
pipe  to  the  supporting  material  underneath.  The  result  of  the 
weight  of  this  backfill  is  to  tend  to  break  the  pipe.  For  a  condition 
of  uniform  loading  and  uniform  support  along  the  pipe  underneath, 
Professor  Talbot  finds  as  a  result  of  his  experiments,  in  which 
many  pipes  were  actually  broken,  that  M  =    —  ,  where  M  is  the 

moment  of  bending  forces  tending  to  break  the  pipe  at  that  point 
in  the  pipe  where  it  is  greatest;  W  is  the  total  weight  of  backfill 
above  a  unit  length  of  pipe,  and  D  is  the  average  diameter  of  the 
ring,  which  is  practically  the  inside  diameter  plus  the  thickness. 

For  conditions  of  unequal  loading  and  unequal  support,  the 
moment  tending  to  break  the  pipe  may  be  considerably  greater 
than  is  computed  by  this  formula. 

(4)  St7'esses  due  to  the  Beam  Action  of  the  Pipe.  We  have  con- 
sidered thus  far  that  the  pipe  was  supported  equally  at  everj^ 
point  along  its  bottom,  and  that  the  loading  was  equall}-  dis- 
tributed in  the  same  way.  As  a  matter  of  fact,  this  does  not  occur. 
The  pipe  is  supported  unequally  along  its  length.  With  cast-iron 
pipe  laid  on  blocking,  and  the  blocking  left  in  place,  a  considerable 
part  of  the  pipe  and  its  load  after  the  trench  is  backfilled  may  still 
be  carried  on  the  blocks,  and  in  this  case  the  portion  of  pipe  be- 
tween the  blocks  acts  as  a  beam,  which  must  carry  the  weight  of 
the  pipe,  the  water  in  it,  and  the  weight  of  the  backfilhng  over  it. 
If  the  trench  is  rock  or  has  projecting  bowlders,  these  may  act 
in  the  same  way  and  to  an  even  greater  extent,  because  the  length 
of  pipe  between  supports  may  be  greater.  Where  a  considerable 
length  of  pipe  rests  upon  such  projections  on  the  bottom,  there  will 
obviously  be  a  much  greater  tendency  to  break  the  pipe  over  these 
points  because  the  forces  acting  upon  a  considerable  length  of 
pipe  are  concentrated  on  a  small  area. 
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(5)  Stresses  Cumulative  in  Places.  The  effect  of  internal  water 
pressure  is  to  produce  circumferential  tension  through thewhole  sec- 
tion of  the  metal.  The  stresses  due  to  unequal  cooling  of  the  cast- 
ings are  partly  of  compression  and  partly  of  tension,  and  may  be 
both  circumferential  and  longitudinal.  The  stresses  due  to  the 
weight  of  the  backfill  are  partly  compression  and  partly  tension, 
and  are  circumferential,  when  the  pipe  is  uniformly  loaded  and 
supported.  The  stresses  due  to  beam  action  are  primarily  longi- 
tudinal and,  acting  at  90  degrees  from  the  others,  do  not  need  to  be 
considered  in  connection  with  the  circumferential  strains.  However, 
the  effect  of  beam  action  is  to  increase  the  loading  in  places,  and  so 
increase  considerably  in  those  places  the  circumferential  stresses 
due  to  the  weight  of  the  backfill. 

For  this  purpose,  limiting  the  discussion  to  pipes  36  in.  in  di- 
ameter and  over,  I  shall  consider  at  present  only  the  circumferential 
stresses.  These  are  cumulative  in  places.  That  is  to  say,  there 
will  be  some  points  where  the  metal  will  be  in  tension  from  all  of 
them,, —  from  the  internal  pressure  and  from  water  ram,  from  the 
weight  of  the  backfill,  from  the  stresses  due  to  unequal  cooling  of 
the  metal,  and  also  from  the  accumulated  weight  of  the  backfill 
caused  by  beam  action. 

When  the  accumulated  stresses  at  any  point  exceeci  the  ability 
of  the  metal  to  resist  them,  rupture  l^egins  and  we  have  a  broken 
pipe. 

The  formulas  for  the  thickness  of  pipe  in  most  general  use  take 
into  account  only  the  internal  water  pressure,  including  the  ordi- 
nary working  pressure  and  water  ram.  The  other  stresses  are  not 
taken  into  account. 

These  formulas  have  given  reasonably  satisfactory  results  for 
cast-iron  pipe,  because  they  have  been  based  upon  a  working  stress 
much  below  the  stress  that  the  metal  is  actually  capable  of  sustain- 
ing, because  the  amount  allowed  for  water  ram  has  been  in  many 
cases  above  the  truth,  and  because  of  an  arbitrary  addition  to  the 
computed  thickness  which  adds  considerably  to  the  strength. 
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PROPOSED    NEW     METHOD     OF    COMPUTING     THICKNESS      OF      CAST- 
IRON   LIPE. 

With  Professor  Talbot's  work  on  the  strength  of  pipes  required 
to  resist  breaking  in  trenches,  it  seems  possible  to  make  a  more 
rational  calculation  of  the  required  thickness,  based  upon  a  higher 
unit  worldng  stress  corresponding  more  nearly  with,  the  ultimate 
strength  of  the  cast  iron  that  is  now  available. 

In  carrying  out  this  calculation  no  allowance  is  made  at  this 
time  for  internal  stresses  due  to  cooling,  or  for  circumferential 
stresses  resulting  indirectly  from  beam  action.  It  is  assumed  for 
the  present  that  these  and  all  other  matters  will  be  covered  in  the 
factor  of  safety,  and  that  that  factor  will  be  increased  if  necessary 
to  cover  them  in  a  subsequent  revision  of  the  calculation. 

The  calculation  now  made  is  to  determine  how  thick  the  pipe 
must  be  to  carry  the  stresses  due  to  the  backfilling  as  computed  by 
Professor  Talbot's  formula,  and  at  the  same  time  to  carry  a  stated 
internal  pressure,  with  fifty  per  cent,  addition  thereto  for  water 
ram. 

Let    d  =  diameter  in  inches. 
t  =  thickness  in  inches. 

F  =  depth  of  backfill  above  top  of  pipe  in  feet, 
s  =  permissible  stress  in  pounds  per  square  inch  in  cast- 
iron  pipe,,  which  I  now  take  as  4  400  for  an  ultimate 
tensile  strength  of  22  000  lb.,  with  a  factor  of  safety 
of  5. 
J\7^  =  weight  of  fill  over  one  linear  inch  of  pipe  at  the  rate 
of  115  lb.  per  cubic  foot,  the  outside  diameter  of  pipe 
being  taken  as  5  per  cent,  greater  than  d. 

;^,'^  /^,/l:05Xll5  _  ^  ^^^^ 
144 

M  '=  breaking  moment  normally  present  from  backfill, 
according  to  Tallwt  =  TeH'-D,  D  being  the  average 
diameter  of  the  shell,  which  is  about  1.025c?. 

M  =  ^1.025d{0MFd)  =0.053SFd-. 
16 

Resulting  maximum  circumferential  stress  in  metal  in  lb. 

per  sq.  in.  obtained  by  appljdng  the  usual  formula, 

M  =  lshtr,  b  in  this  case  being  1. 
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QM     0.323Fdr 

The  stress  available  for  resisting  the  water  pressure  is  4  400 
less  this  amount.  Of  this,  one  third  is  allowed  for 
water  ram  and  two  thirds  for  static  pressure. 

The  stress  allowable  for  resisting  the  static  pressure  is  thus 


-K 


4(  4  400-0.822  ^Y 


H  =  head  in  feet  that  can  l^e  carried  by  a  given  stress: 

'■  11  .         d        H  , 

s—-r  lb.  pi'cssure  per  sq.  in.  =  —  X.y-^ry    and 

^=.(4.62-^); 

and  for  s-i  as  reached  above, 

i/=3.08^(  4400-0..322^"')  =  13  .500^  -  0.99i^-^. 
d\  t-  J  a  a 

If  we  had  taken  the  weight  of  the  earth  backfill  as  116  lb. 
per  cubic  foot,  the  0.99  would  have  been  unity,  and  we 
may  make  it  unity  for  the  purpose  of  simplifying  the 
formula.    We  shall  then  have  — 

a  I 

Our  specifications  allow  a  variation  in  the  thickness  of  casting 
of  0.10  in.  for  large  pipe.  To  insure  that  the  stress  shall  not 
exceed  the  calculated  amount  at  any  point,  if  we  could  be  sure  that 
the  specifications  were  literally  complied  with,  it  would  only  be 
necessary  to  add  0.10  in.  to  the  computed  thickness  Thi.-^  rule 
might  be  adopted  for  country  work  and  where  an  occasional  break 
in  the  pipe  would  not  be  of  the  greatest  importance. 

For  city  work,  or  where  a  break  might  do  great  damage,  it 
would  seem  better  to  add  0.25  in.  to  the  computed  thickness,  this 
being  the  allowance  made  in  the  Brackett  formula  in  all  cases  for 
this  purpose. 

Solving  the  last  equation  for  f,  and  making  this  addition,  we 
have,  — 

For  country  work: 


'  =  «-l«  +  27O0O 


^      (//  +  ^  .54  OOOF +  //-), 
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For  city  work: 


This  formula  is  not  suggested  as  in  any  way  final,  but  only  for 
the  purpose  of  discussion,  and  with  the  idea  that  it  may  possibly 
have  in  it  some  elements  of  a  more  rational  calculation  than  are 
contained  in  the  old  formulas. 

The  formula  for  stress  due  to  backfill  is  the  one  which  Professor 
Talbot  uses  for  ordinary  backfilling  of  good  material.  With  back- 
filling made  of  the  very  best  material  and  with  special  care,  the 
stress  might  be  less.  On  the  other  hand,  with  poorly  made  backfill 
and  with  movements  from  settlement  it  might  considerably  exceed 
this  figure.  The  most  convenient  way  to  allow  for  differences  of 
this  kind  would  be  to  allow  more  or  less  backfilling  than  the  actual 
backfilling.  For  instance,  ^\dth  backfilling  all  made  of  coarse  dry 
sand  well  tamped,  it  might  be  prudent  to  figure  on  a  stress  from 
backfill  only  three  fourths  as  great  as  the  actual  backfill,  while  in 
rock  trench  with  bowlders,  or  material  that  was  sure  to  have  sub- 
sequent settlements,  the  calculation  might  be  made  for  a  backfill 
fifty  per  cent,  greater  than  the  actual  amount  of  backfill  to  be 
used,  or  even  one  hundred  per  cent,  greater,  if  the  conditions  Avere 
very  unfavorable. 

For  ordinary  use  it  would  seem  fair  to  take  5  ft.  of  backfill 
in  computing  the  thickness  of  pipe  to  be  used  in  favorable  trenches 
where  the  work  was  to  be  done  with  special  care,  and  a  larger 
amount  up  to  10  ft.,  or  more,  where  the  trench  was  deeper  than 
usual  and  where  there  was  rock  or  bowlders. 


PIPE  ACTUALLY  BROKEN  WITHOUT  WATER  PRESSURE. 

In  the  first  published  paper  of  the  American  Society  of  Civil 
Engineers,  Mr.  Alfred  W.  Craven  described  some  72-in.  pipe, 
If  in.  thick,  laid  in  connection  with  the  Croton  Aqueduct,  part 
of  which  was  broken  substantially  without  water  pressure.  The 
depth  of  backfill  is  not  specifically  stated  in  the  paper,  but  from  a 
statement  of  the  load  carried  by  the  pipe  I  calculate  that  the  ap- 
proximate depth  of  backfill  must  have  been  about  10  ft.  Taking 
the  weight  of  the  material  from  Mr.  Craven's  statement,  the  maxi- 
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muni  stress  resulting  from  this  backfill  was  about  8  900  lb.  per 
square  inch.  This,  according  to  the  statement,  sufficed  to  break 
about  4  per  cent,  of  the  pipes. 

In  the  Engineering  News,  December  15,  1904,  Mr.  Walter  W. 
Patch  describes  48-in.  cast-iron  pipe  Ij  in,  thick  under  backfills 
ranging  from  8  to  23  ft.  He  stated  that  in  several  places  a  number 
of  adjoining  pipes  had  developed  longitudinal  cracks  in  their  entire 
length,  etc.  Using  the  formula  as  we  have  deduced  it,  the  maxi- 
mum stress  in  this  pipe,  with  23  ft.  of  backfill,  would  be  11  400  lb. 
per  square  inch. 

Professor  Talbot  in  his  experiments  tested  pieces  of  3G-in.  and 
48-in.  pipe  from  1  in.  to  1|  in.  thick  carefully  bedded  in  sand. 
Making  the  computation  from  the  figures  in  his  paper  for  the 
points  where  cracks  first  appeared,  the  stresses  in  10  cases 
ranged  from  15  000  to  41  000  lb.  per  square  inch  and  averaged 
25  000  lb. 

In  the  two  cases  above  mentioned,  the  inference  may  be  drawn 
that,  if  the  pipe  was  of  full  thickness  and  the  iron  of  as  good 
quality  as  may  be  reasonably  assumed,  the  stresses  that  broke  the 
pipe  were  about  twice  as  great  as  those  computed  by  the  formula 
which  is  intended  for  uniform  loading.  In  other  words,  the  irregu- 
larities of  the  actual  trench  produced  twice  as  much  stress  in  certain 
places  as  was  produced  on  an  average  by  the  careful  loading  in 
Professor  Talbot's  experiments. 

A  full  reading  of  Professor  Talbot's  paper  leaves  little  doubt  of 
the  actual  doubling  of  these  stresses  at  points  in  actual  Avork,  and 
at  such  points,  with  the  calculation  that  I  have  just  used,  a  factor 
of  safety  of  only  2.5  will  be  left,  certainly  not  too  much  to  use  for 
cast  iron. 

COMPARISON    WITH    BRACKETT    FORMULA. 

To  see  how  the  proposed  new  formula  compares  with  the 
formulas  in  common  use,  I  have  taken  the  case  of  42-in.  jiipe  with 
5  ft.  of  backfill.  I  have  taken  this  because  the  question  of  the 
thickness  and  strength  of  42-in.  pipe  has  been  under  especial  dis- 
cussion in  oiu"  office  in  the  last  year. 

The  results  mav  be  shown  in  tabular  form. 


Head  Allov 

-ED 

BY  Formula 

NOW 

Re. 

A.CHED. 

Country 

City 

Work. 

Work. 

Negative. 

Negative. 

57 

Negative, 

127 

45 

198  . 

122 

257 

188 

314 

247 
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Class  of  Standard  Thickness     Head  in  Feet  Allowed 
Pipe.  in  Inches.  by  Brackett  Formula. 

A  0.87  50 

B  1.00  100 

C  1.13  150 

D  1.27  200 

E  1.40  250 

F  1..53  300 

This  indicates  that  according  to  the  formula,  Class  A  pipe  is  not 
really  safe  for  42-in.  pipe  with  5  ft.  of  backfill,  even  where  there  is 
no  internal  water  pressure,  and  "B"  pipe  is  not  safe  for  city  work. 
This  corresponds  with  the  practice  of  our  office,  where  "C"  pipe  has 
been  the  thinnest  pipe  ordinarily  used,  and  with  the  observation 
that  has  been  made  that  42-in.  pipe  X  in.  thick,  even  when  cast  and 
laid  under  the  most  favorable  conditions,  is  not  very  reliable  for 
moderate  water  pressures.  For  higher  pressures  the  results  corre- 
spond more  nearly  to  those  by  the  Brackett  formula. 

With  pipe  larger  than  42  in.  the  differences,  especially  for  moder- 
ate water  pressures,  would  be  greater  and  the  formula  proposed 
calls  in  general  for  considerably  thicker  pipe. 

The  practical  effect  of  this  study  is  to  show  that  with  large 
pipes  the  stresses  resulting  from  the  backfill  upon  the  pipe  are 
material,  and  are  added  to  those  resulting  from  the  water  pressure, 
and  that  when  they  are  taken  into  account  the  factor  of  safety  is 
by  no  means  as  great  as  has  been  assumed.  It  is  largely  and  per- 
haps principally  for  this  reason  that  cast-iron  pipe  which  has  stood 
successfully  hydrostatic  pressure  in  the  foundrj^  breaks  in  the 
trench  with  a  fraction  of  the  test  pressure,  and  it  is  for  this  reason 
that  it  is  not  safe  to  reduce  the  thickness  of  the  walls  of  pipes  as 
rapidly  as  increase  is  made  in  the  ultimate  tensile  strength  of  the 
castings. 

AS    TO    STEEL    PIPE. 

In  the  case  of  steel  pipe  the  conditions  are  somewhat  different. 
The  pipe  may  be  backfilled  to  the  point  where  the  stresses  due  to 
the  backfilling  are  above  the  elastic  limit,  and  when  this  happens 
the  pipe  becomes  permanently  deformed.  That  is  to  say,  the  pipe 
is  flattened  and  the  vertical  diameter  is  less  than  the  horizontal 
diameter.     This  is  a  fairl}^  common  occurrence. 
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Cast-iron  pipe  is  not  permanently  deformed  in  this  way  because 
it  is  comparatively  brittle  and  incapable  of  yielding  to  any  con- 
siderable extent.    When  the  stresses  become  too  j^reut  it  is  broken. 

The  best  explanation  of  this  is  that  the  steel  plate  is  malleable, 
while  the  cast  iron  is  not.  The  steel  plate  comes  to  the  shop 
flat.  It  is  bent  cold  to  the  shape  of  the  pipe.  This  process  stresses 
the  metal  beyond  its  elastic  limit,  and  produces  a  set.  Neverthe- 
less, the  plate  is  just  as  strong  after  the  process  as  before. 

In  the  same  way,  the  pressure  of  the  backfill  in  the  trench  may 
deform  the  pipe  considerably,  stressing  it  beyond  its  elastic  limit, 
and  producing  other  sets;  but  these  do  not  have  the  effect  of 
weakening  the  pipe. 

Cast-iron  pipe,  on  the  other  hand,  is  not  malleable.  To  bend  it 
out  of  its  original  shape  by  even  the  fraction  of  an  inch  breaks  and 
destroys  it. 

I  think  this  is  the  main  reason  why  steel  pipes  are  not  l)rokt'n  in 
water-works  service. 

Other  secondary  reasons  are,  that  steel  pipe  is  relatively  cheap 
and  that  such  liberal  allowances  have  been  made  that  the  walls 
have  been  relatively  thick  and  the  stresses  low,  and  that  when 
excessive  water  ram  occurs  in  riveted  steel  pipe  the  riveted  joints 
open  up  slightly  by  a  momentary  stretching  of  the  rivets,  or  yield 
in  other  parts,  uathin  their  elastic  limit,  and  allow  water  to  escape 
from  the  joints.  If  the  excess  pressure  is  not  too  great  and  too 
long  continued  the  pipe  comes  back  at  once  to  its  original  size,  and 
is  as  tight  as  before.  The  effect  of  this  is  to  make  the  riveted  steel 
pipe  act  as  a  relief  valve  for  itself  and  protect  it  from  what  other- 
wise might  be  the  injurious  effects  of  water  ram. 

Lock  bar  pipe,  a  form  of  steel  pipe  which  has  recently  come  into 
use,  has  stronger  and  tighter  longitudinal  joints  and  does  not  act 
in  this  way,  except  by  the  elasticity  of  the  metal. 

ALLOWANCE    FOR    CORROSION. 

Steel  pipe  has  frequently  been  made  thicker  than  otherwise 
necessary,  with  the  idea  that  it  would  still  be  thick  enough  for 
strength  after  it  had  been  reduced  in  thickness  to  some  extent  by 
corrosion.     Experience  shows  that  the  troublesome;  corrosion  is 
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mainly  pitting.  Ordinary  pitting  does  not  greatly  reduce  the 
strength  of  the  pipe.  It  is  very  rare  that  the  corrosion  is  so  widely 
extended  over  the  surface  of  the  plate  as  to  reduce  the  strength  of 
the  pipe. 

Mr.  John  R.  Freeman  has  shown  that  a  moderate  amount  of 
corrosion  does  not  reduce  the  strength  of  riveted  pipe  at  all,  as 
the  plate  at  the  outset  is  much  stronger  than  the  joints,  and  cor- 
rosion of  the  joints  to  a  reasonable  extent  does  not  reduce  their 
strength.  (3f  course,  ultimately  there  would  be  rusting  off  of  rivet 
heads,  etc.,  but  practically  speaking,  the  corrosion  of  riveted  pipe 
that  actually  takes  place  during  a  long  term  of  years  does  not 
appreciably  reduce  its  strength. 

In  the  case  of  lock  bar  pipe,  the  original  strength  of  the  pipe 
is  greater  and  represents  nearly  the  full  strength  of  the  steel 
plates.  Corrosion  of  lock  bar  pipe  would  sooner  have  the  effect  of 
reducing  its  strength,  and  there  would  be  more  reason  for  making 
an  allowance  for  corrosion  than  in  the  case  of  riveted  pipe. 

VARIATION    IN    THICKNESS    OF    PLATES. 

The  plates  in  steel  pipes  probably  vary  in  thickness  by  nearly 
as  large  a  percentage  as  the  variation  in  thickness  of  the  walls  of 
cast-iron  pipe.  There  is  this  difference,  however.  The  thickness 
of  cast-iron  pipe  is  given  as  the  average  thickness,  while  the  thick- 
ness of  steel  pipe  is  given  as  the  minimum  thickness,  and  the  process 
of  manufacture  by  rolls  insures  obtaining  it  at  every  point.  The 
actual  thickness  of  steel  pipes  will  usually  overrun  the  stated 
thickness  by  amounts  which  may  be  as  high  as  four  to  eight  per 
cent.,  and  which  are  greatest  with  thin  plates. 

INCREASING    THE    THICKNESS    OF    STEEL    PIPE    TO    PREVENT 
PERFORATIONS. 

The  practical  difficulty  that  has  been  experienced  with  steel 
pipe  up  to  the  present  time  is  that  of  perforations  by  jiittings. 
In  other  words,  the  pittings  after  a  while  go  entirely  through  the 
plate  and  make  leaks.  The  perforations  that  occur  in  this  way  are 
easily  plugged,  but  if  they  are  numerous  it  is  troublesome  to  take 


HAZEN.  41 

care  of  them.  Very  few  steel  pipe  lines  have  reached  this  stage  up 
to  the  present  time.  In  a  few  cases  there  has  been  electrolj^sis  from 
trolley  currents,  which  has  greatly  aggravated  this  condition.  This 
condition  is  one  that  must  be  kept  in  mind  in  considering  steel 
pipe,  and  it  may  be  considered  worth  while  to  increase  the  thick- 
ness of  the  plates  in  some  cases  with  the  idea  of  putting  off  the 
time  when  there  will  be  perforations.  It  could  hardly  be  expected 
that  increasing  the  thickness  of  the  plates  would  prevent  the  per- 
forations; it  would  simply  postpone  the  time  when  they  would 
occur. 

It  is  my  feeling  that  it  will  not  generally  pay  to  increase  the 
thickness  of  steel  plates  very  greatly  because  of  this  consideration, 
but  that  the  money  will  be  better  spent  in  better  coating  and  in 
more  careful  inspection  of  the  steel  plates,  or,  in  other  words,  by 
preventing  the  pitting  instead  of  trying  to  make  the  plate  thick 
enough  so  that  the  pitting  will  not  go  through  it. 

So  far  as  deterioration  may  be  anticipated  from  electrolj'sis 
from  escaping  electric  currents,  it  is  my  feeling  that  it  is  better  to 
spend  the  money  on  special  protective  measures,  such  as  insulation 
joints  and  surrounding  the  pipe  with  insulating  material  where  it 
is  near  trolley  tracks,  rather  than  in  increasing  the  thickness  of 
metal  with  the  idea  of  making  it  thick  enough  to  stand  such  deteri- 
oration without  perforation. 

Mr.  Lochridge  tells  me  that  the  steel  pipe  line  at  Springfield 
passing  under  two  trolleys  and  parallel  with  one  of  them  for  a 
distance,  and  connecting  with  the  general  distribution  system  in 
the  city,  shows  no  electrical  current,  indicating  complete  efficienc}'" 
of  the  insulating  devices  that  were  used. 


PRACTICAL    CONSIDP^RATIONS    IN    DETERMINING    THE    THICKNESS 
OF    STEEL    PIPE. 

In  th(^  first  place,  the  pip(^  must  have  a  tliicknc^ss  sufficient  to 
make  it  reasonably  stiff  in  handling  and  in  resisting  the  pressure  of 
backfill  in  the  trench.  This  means  practically  the  use  of  i^-in. 
plates  in  36-in.  pipe,  |-in.  plates  in  48-in.  pipe,  A-'ii-  plates  in 
60-in.  pi]ie,  and  |-in.  plates  in  72-in.  pipe  These  may  be  taken  as 
the  minimum  thicknesses  below  which  it  will  vci'v  seldom  pay  to 
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go.  In  deep  trench  the  plates  must  be  thicker,  or  else  the  pipe 
must  be  surrounded  with  concrete,  or  othermse  stiffened.  These 
minimum  thicknesses  may  be  used  wherever  they  are  strong  enough 
to  resist  the  internal  pressure,  and  where  they  are  not,  additional 
thickness  may  be  calculated  so  that  the  stresses  in  the  metal  from 
water  pressure  will  not  exceed  the  limits  that  are  to  be  allowed. 

The  strength  of  the  steel  plates  in  pipes  ranges  from  fift}'  to 
sixty-five  thousand  pounds  per  square  inch.  The  elastic  limit  is 
not  less  than  thirty  thousand  pounds  per  square  inch.  The  safe 
working  stress  on  the  steel  may  be  taken  at  fifteen  thousand  pounds 
per  square  inch.  If  the  allowance  for  water  ram  is  taken  as  equal 
to  fifty  per  cent,  of  the  static  pressure  the  permissible  stress  for 
static  pressure  will  be  10  000  lb.  per  square  inch. 

If  lock  bar  pipe  is  used,  and  the  strength  of  the  joint  as  a  mini- 
mum is  taken  as  ninety  per  cent,  of  the  strength  of  the  plate,  we 
may  use  a  working  stress  of  9  000  lb.  per  square  inch. 

If  double  riveted  pipe  is  used,  with  a  strength  of  joint  assumed  to 
be  seventy  per  cent,  of  the  strength  of  the  plate,  we  may  use  a 
working  stress  of  7  000  lb.  per  square  inch. 

Even  with  lock  bar  pipe  it  may  be  prudent  to  reduce  the  working 
stress  below  9  000  lb.,  and  this  is  more  readily  done  because  the 
added  thickness  of  metal  costs  so  little. 

In  the  Springfield  42-in.  lock  bar  pipe  line,  the  maximum  stresses 
under  working  conditions  obtaining  in  the  pipe  line  are  as  follows. 


Above  Pbovin  Mt.,  Ordinabily  Below  Pbovin  Mt.,  Subject 

Protected  from  Water  Ram.  to  Ordinary  Water  Ram. 
Corresponding  Stress 

Thickness  of     Maximum  Static  in  Steel  in  Lb.  Maximum  Static     Stress  in  St«el, 

Plate,  In.               Head,  Ft.  per  Sq.  In.  Head,  Ft.          Lb.  per  Sq.  In. 

i                    243  S840  ...                

j^                   298  8  700  236              6  860 

I                    351  8  530  284              6  900 

Vr                    ...  347               7  250 


It  may  be  thought  that  these  stresses  are  unnecessarily  low  and 
that  thinner  plates  might  have  been  used  with  perfect  safety.  But 
the  pipe  is  relatively  cheap  and  the  advantage  of  having  it  so 
strong  that  there  is  not  even  a  remote  probability  of  its  being 
broken  by  water  ram  that  may  sometimes  occur  in  excess  of  the 
one  that  is  calculated  is  worth  getting. 
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Important  lines  of  steel  pipe  have  been  designed  with  working 
stresses  on  steel  of  12  000  to  13  000  lb.  per  square  inch,  but  this 
has  been  with  triple  riveted  double  butt-strap  riveting,  and  for 
lines  absolutely  protected  from  water  ram. 

In  conclusion,  it  is  my  impression  that  up  to  the  present  time 
practice  with  steel  pipe  and  cast-iron  pipe  has  been  rather  unequal. 
Steel  pipe  has  been  made  stronger  than  cast-iron  pipe,  but  this 
has  been  justified  by  the  cheapness  of  the  material,  by  the  lack  of 
certainty  regarding  some  of  the  conditions,  and  by  the  advantage 
of  having  the  pipe  strong  beyond  any  possible  question. 


DISCUSSION. 

Mr.  Leonard  jMetcalf.*  Mr.  President,  it  seems  to  me  that 
Mr.  Hazen  has  done  us  a  genuine  service  in  bringing  this  matter 
to  our  attention,  for  it  is  one  of  great  importance.  Of  course  most 
works  have  pipes  which  are  of  comparatively  small  diameter, 
where  these  influences  of  which  he  has  spoken  are  not  so  serious. 
At  the  same  time  there  are  enough  pipe  lines,  particularly  in  our 
larger  cities,  to  make  the  matter  of  importance,  bearing  in  mind 
the  heavy  damages  which  result  from  failure  of  pipe  lines.  I 
would  like  to  ask  Mr.  Hazen  at  about  what  point  he  finds  that 
the  influences  of  the  depth  of  backfill  affect  the  pipe.  He 
spoke  of  36-in.  and  larger;  isn't  the  limit,  perhaps,  somewhat 
below  that? 

I  have  laid  Class  A,  20-  and  24-in.  pipe  to  a  depth  of  at)out 
20  ft.,  if  I  remember  rightly,  which  are  doing  good  service  to- 
day, —  the  depth  varying  from  5  ft.  to  twenty-odd  feet  in  a 
line  about  eight  miles  in  length,  running  through  the  fields  and 
woods. 

There  was  a  case  of  failure  in  a  42-in.  pipc^  line  of  the  Pennsyl- 
vania Water  Company.  Mr.  Kuichling  brought  this  same  matter 
to  my  attention  a  year  or  two  ago  and  spoke  of  that  pipe  line  as 
furnishing  a  very  good  example  of  the  effect  of  the  ])ackfiU.  The 
IjackfiU  was  only,  I  think,  something  like  four  or  five  feet,  and  yet 
that  pipe  line  broke  and  had  to  be  replaced.  There  was  some 
considerable  expense  in  making  good  the  damage  done  by  the 

*Of  Metcalf  and  Eddy,  ConsultiiiK  Engineers,  Hoston,  Ma.^s. 
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])reak,  and  a  long  line  of  the  pipe  was  taken  out  and  replaced  with 
pipe  of  heavier  weight. 

The  President.  I  don't  know  whether  it  would  help  any  if  I 
related  a  little  experience  which  I  had  with  drain  pipe.  I  found 
that  by  very  careful  tamping  on  the  horizontal  diameter  and 
below  we  could  add  a  great  deal  to  the  strength  of  the  drain  pipe, 
that  is,  to  its  power  to  resist  the  pressure  of  the  backfill.  I  had  the 
pipe  put  in  and  it  failed ;  and  I  had  it  put  in  again  and  great  atten- 
tion paid  to  the  ramming  of  the  earth  below  and  at  the  sides  of  the 
pipe,  and  it  then  stood  the  pressure  of  the  fill.  It  seems  to  me  that 
ramming  the  earth  well  opposite  the  horizontal  diameter  of  the  pipe 
will  help  it  to  resist  the  thrust  and  cause  it  to  stand  a  great  deal 
more  pressure. 

Mr.  Robert  S.  Weston.*  I  would  like  to  ask  Mr.  Hazen  if  he 
does  not  think  that  the  relative  greater  liability  of  the  steel  plate 
to  corrosion  has  influenced  the  choice  of  the  thickness  of  the  plates 
to  some  degree  in  another  form,  —  even  to  increase  the  thickness 
beyond  what  is  absolutely  necessary. 

Mr.  Allen  Hazen.  Replying  to  Mr.  Metcalf,  it  is  obvious  that 
the  stresses  that  it  was  the  object  of  my  paper  to  call  attention  to 
will  also  exist  in  pipe  less  than  36  in.  in  diameter,  but  they  will 
clearly  be  more  important  in  large  pipe  than  in  small  pipe.  I 
have  not  attempted  to  set  a  hmit  to  the  size  of  pipe  for  which  they 
should  be  taken  into  account,  but  as  the  matter  is  much  more 
important  for  large  pipe  I  thought  it  best  to  limit  the  discussion 
for  the  present  to  such  pipe.  I  have  endeavored  to  present  a 
subject  that  seems  to  me  to  be  of  the  very  greatest  importance, 
and  that  has  been,  as  far  as  I  know,  largely  overlooked  in  the 
design  of  cast-iron  pipe,  with  the  object  of  getting  it  discussed  and 
of  finding  how  far  it  should  properly  enter  into  future  designs. 
When  we  are  through  with  the  discussion  it  may  be  that  an  answer 
to  Mr.  Metcalf's  question  will  be  found. 

As  Mr.  King  suggests,  ramming  the  backfill  on  the  sides  in- 
creases the  stability  of  the  pipe.  Professor  Talbot's  paper  dis- 
cusses this  very  well,  and  it  may  be  read  with  profit  by  all  inter- 
ested in  this  subject.  Having  the  material  packed  firmly  against 
the  sides  and  quarters  of  the  pipe  is  more  important  than  having 

*  Sanitary  Expert,  Boston,  Mass. 
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a  support  underneath.  In  fact,  the  ideal  position  of  a  pipe  would 
be  to  have  it  supported  so  firmly  on  the  quarters  that  it  would 
not  bear  underneath  at  all. 

Mr.  Weston's  questions  are  largely  answered  in  the  paper  itself. 
Steel  pipe  has  frequently  been  made  thicker  because  of  anticipated 
corrosion,  but  I  am  disposed  to  think  that  generally  it  will  be  better 
for  us  to  put  the  money  that  otherwise  might  be  spent  in  thicker 
plates,  in  better  coating  and  better .  inspection  of  the  plates  for 
surface  defects,  and  into  better  devices  for  protecting  the  pipes 
against  stray  electric  currents. 

Mr.  Emil  Kuichling*  (by  letter).  This  paper  is  a  very  valuable 
addition  to  the  literature  of  the  subject,  as  it  brings  out  clearly 
some  of  the  defects  in  the  usual  formulas  for  computing  the  thick- 
ness of  water  pipes,  and  indicates  how  a  more  rational  formula 
should  be  made.  In  dealing  with  the  internal  pressure  due  to 
w^ater  ram,  the  author  states  that  such  pressure  is  practically 
limited  by  the  fact  that  the  closing  of  a  stop  valve  or  gate  in  a 
large  pipe  ordinarily  requires  considerable  time.  Such  gates 
are  usually  geared  in  the  ratio  of  3  or  4  to  1,  and  there  are  generally 
three  screw-  threads  per  inch  on  the  stem,  thereby  requiring  from 
nine  to  twelve  revolutions  of  the  operating  pinion  to  lower  the 
gate  disk  one  inch.  When  the  i)ottom  of  the  disk  reaches  the 
axis  of  the  pipe,  an  appreciable  hydraulic  pressure  against  the 
disk  begins  to  develop  which  causes  friction  on  the  guides  and 
corresponchng  resistance  to  the  turning  of  the  stem.  This  re- 
sistance increases  rapidly  during  the  last  quarter  of  the  descent, 
so  that  the  final  inch  may  require  the  utmost  exertion  of  three  or 
four  men  for  at  least  one  minute.  Against  a  static  pressure  of 
50  lb.  per  sq.  in.,  about  twenty  minutes  are  needed  to  fully  close 
a  24-in.  valve  and  thirty  minutes  for  a  36-in.  valve. 

The  writer  has  made  a  number  of  observations  of  the  increase 
of  pressure  caused  bj-  closing  a  24-in.  stop  valve  in  a  long  line  of 
24-in.  cast-iron  pipe.  The  point  of  observation  was  2.53  miles 
from  the  supplying  reservoir,  the  valve  was  2  100  ft.  beyond,  and 
while  the  valve  was  shut  the  static  pressure  at  said  point  was  49 
lb.  Before  closing  the  valve  the  hydraulic  pressure  was  40.2  lb., 
and  the  water  was  flowing  through  the  pipe  with  a  m(>an  velocity 

*  Consulting  Engiiifer,  Xow  ^'ork. 
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of  3.45  ft.  per  second.  Tlie  valve  was  closed  as  rapidly  as  possible 
in  about  twenty  minutes,  and  during  the  last  four  minutes  the 
pressure  rose  to  a  maximum  of  65  lb.,  after  which  it  oscillated 
rapidly  from  40  to  64  lb.  for  a  few  seconds  and  then  gradually 
reduced  in  two  minutes  to  a  range  from  42  to  57  lb.  In  the 
course  of  eight  minutes  more,  the  range  was  from  46  to  52  lb., 
with  increasing  intervals  of  time  between  the  pulsations,  and  at 
the  end  of  fifteen  minutes  the  pressure  varied  little  from  49  lb. 
These  observations  were  repeated  several  times  subsequently  with 
the  same  general  results,  and  hence  it  was  concluded  that  for 
long  and  large  pipe  conduits,  the  water  ram  caused  by  closing  a 
stop  gate  would  not  induce  an  internal  pressure  greater  than  1.5 
times  the  static  pressure. 

In  the  small  distributing  pipes  of  a  municipal  water  works, 
water  rams  of  much  greater  magnitude  may  be  expected  by  the 
rapid  closing  of  fire  hydrants  and  hydraulic  motors  of  large  size; 
but  as  this  subject  is  not  under  consideration,  further  reference 
thereto  will  be  omitted.  It  may  also  be  remarked  that  stop 
valves  larger  than  24  in.  in  diameter  are  usually  provided  with 
by-pass  valves  which  are  closed  after  the  main  valve  has  been 
shut  and  the  velocity  of  the  water  in  the  pipe  has  been  greatly 
reduced;  and  if  by  carelessness  the  by-pass  gate  happens  to  be 
closed,  the  men  who  attempt  to  close  the  main  valve  will  usually 
become  aware  of  the  fact  during  the  latter  part  of  the  operation 
by  the  increased  frictional  resistance  of  the  large  valve  stem. 

The  stresses  caused  by  the  weight  of  the  backfill  are  highly 
important  and  vary  much  with  the  condition  of  the  material  in 
regard  to  moisture.  Even  when  the  material  is  well  compacted 
by  ramming,  a  settlement  usually  occurs  after  water  has  perco- 
lated freely  into  it,  and  with  such  settlement  a  greater  load  upon 
the  pipe  must  ensue.  Little  is  yet  known  of  the  magnitude  of 
this  external  pressure,  or  of  the  manner  in  which  it  is  distributed 
over  the  upper  surface  of  a  large  pipe.  So  far  as  the  writer  is 
aware,  the  only  experimental  data  that  are  available  in  this  direc- 
tion are  those  that  pertain  to  the  deformation  or  flattening  of  a 
few  cast-iron  and  riveted  steel  pipes,  the  former  being  given  in 
Prof.  A.  N.  Talbot's  Bulletin  No.  22  of  the  University  of  Illinois, 
1908,  and  the  latter  in  the  paper  of  D.  D.  Clarke,  chief  engineer 
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of  the  Portland,  Ore.,  water  works,  in  Transactions  of  the  American 
Society  of  Civil  Engineers,  Volume  XXXYHI  (1897),  pages  93- 
114,  together  with  some  observations  made  by  the  writer  at  various 
times  between  1874  and  1896. 

In  view  of  the  fact  that  settlements  of  the  backfill  usually  ap- 
pear to  extend  nearly  uniformly  across  the  entire  width  of  the 
trench,  the  wTiter  has  assumed  that  the  pressurt^  thus  induced 
upon  the  upper  surface  of  the  pipe  is  distributed  uniformly  in  a 
vertical  direction  over  its  width  and  that  no  considerable  pres- 
sure is  exerted  horizontally  against  the  sides  of  the  pipe;  also, 
that  the  pipe  bears  uniformly  upon  its  earthen  foundation  in 
the  same  manner  as  the  backfill  on  the  top.  These  assumptions, 
moreover,  facilitate  the  computation  of  the  bending  moments, 
stresses,  and  deformation  in  a  ring-shaped  section.  On  this  basis 
the  formula  for  the  magnitude  of  the  elastic  flattening  or  reduc- 
tion (y)  of  the  vertical  diameter  of  a  relatively  thin  pipe  becomes: 

11=  T^TTfiT,  where  TT'    is  the  uniformh'    distributed    external    load 

acting  vertically  on  the  pipe  per  unit  of  length;  D  is  the  mean 
diameter  of  the  section,  or  the  internal  diameter  plus  the  thick- 
ness, t;  E  is  the  modus  of  elasticity  of  the  metal  of  which  the  pipe 
is  made,  and  /  is  the  moment  of  inertia  of  the  longitudinal  section 

of  the  wall  of  the  pipe  per  unit  of  length,  which  is  expressed  by  j^ 

For  the  cast  iron  of  the  36-in.  and  48-in.  pipes  used  in  his  experi- 
ments. Professor  Talbot  deduced  the  approximate  average  value 
£"  =  11  000  000  lb.  per  sq.  in.;  and  for  wrought-iron  and  steel 
plate*  the  writer  has  assumed  the  usual  mean  value  £"  =  30  000  000 
lb.  per  sq.  in.  The  weight  W  may  also  be  expressed  by  W  =  wD, 
where  iv  is  the  equivaknit  vertical  load  in  pounds  per  unit  of  area. 


Taking  the  inch  as  unit  and  replacing  /  by  its  value  (  j^  I  we  now 

have  — 

wD'       ,  SEfy 

y^SEf  whence  ;r=     ^;  , 

which  is  the  expression  for  the  unifoi'inly  distrilnited  vertical 
load  or  w(>ight  of  backfill  in  pounds  j)er  scjuare  inch  of  horizontal 
surface  required  to  produce  a  given  dcrorniation  or  icduction  (y) 
of  the  vertical  dianictor  of  the  pipe. 
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The  values  of  w  thus  computed  from  the  observed  values  of 
E,  t,  y,  and  D  may  now  be  compared  with  the  observed  or  esti- 
mated weight  Wi  per  square  inch  of  the  backfill,  and  the  writer 
has  arranged  some  of  the  available  data  in  the  follomng  table, 
in  which  the  first  four  items  refer  to  cast  iron,  and  the  remainder 
to  soft  steel  pipes. 


Mean 
Internal     Thickness    Diameter 
Diameter.  (i).  (D). 

In.  In.  In. 


48 
48 
36 
36 
42 
42 
42 
42 
42 
35 
33 
33 
38 
38 


1.25 

1.50 

1.00 

1.25 

0.238 

0.203 

0.203 

0.203 

0.203 

0.203 

0.203 

0.203 

0.25 

0.25 


49.25 

49.50 

37.00 

37.25 

42.238 

42.203 

42.203 

42.203 

42.203 

35.203 

33.203 

33  203 

38.25 

38.25 


Deformation 
(2/). 
In. 

1.00 

1.00 

0.80 

0.50 

0.438 

3.50 

2.75 

1.00 

0.563 

3.00 

0.375 

0.188 

2.00 

1.50 


Estimated 
Ijoad  (wi). 
Lb.  Sq.  In. 

37.2 
57.2 
49.6 
63.8 

2.92 

4.69 

4.69 

3.61 

2.92 

3.13 

3.19 

1.67 

5.83 

5.83 


Computed 
Load  (w). 
Lb.  Sq.  In. 

29.2 
49.4 
37.5 
44.6 

0.445 

2.216 

1.741 

0.633 

0.356 

3.922 

0.620 

0.310 

3.504 

2.628 


Ratio 


0.785 
0.864 
0.754 
0.700 
0.153 
0.472 
0.372 
0.175 
0.122 
1.255 
0.194 
0.186 
0.600 
0.450 


Backfill. 

s* 

s* 

s* 

s* 

s* 

set 

set 

WSJ 

set 
s* 

we§ 
wc§ 


*  Weight  of  dry  sand  given  at  80  lb.  per  cu.  ft. 
t  Weight  of  sandy  clay  estimated  at  90  lb.  per  cu.  ft. 
X  Weight  of  wet  sand  estimated  at  100  lb.  per  cu.  ft. 
§  Weight  of  wet  clay,  etc.,  estimated  at  120  lb.  per  cu. 


S  =  Dry  Sand. 
SC  =  Sandy  Clay. 
WS  =  Wet  Sand. 
WC=Wet  Clay  and  Stones. 


The  values  of  the  ratio 


w. 


in  the  foregoing  table  exhibit  a 


wide  variation,  as  is  to  be  expected.  In  the  case  of  the  35-in. 
steel  pipe,  it  is, probable  that  the  filhng  under  the  lower  quarters 
of  the  pipe  was  not  well  done,  and  that  the  pipe  rested  mainly 
on  a  narrow  strip  of  the  bottom,  whereby  the  deformation  was 
greatly  increased. 

Where  a  good  support  on  the  bottom  is  given  by  dry  or  well- 
tamped  sand,  it  seems  that  the  external  load  due  to  the  backfill 
may  be  taken  at  from  one  fifth  to  one  half  the  weight  of  the  ma- 
terial, distributed  uniformly  on  the  horizontal  projection  of  the 
pipe,  when  the  depth  of  covering  is  from  3  to  7  ft. ;  but  when  the 
backfill  is  heavily  loaded,  a  corresponding  addition  must  be  made, 
as  indicated  in  the  case  of  the  cast-iron  pipes.  The  data  are  not 
sufficiently  numerous  and  diversified  to  give  a  clear  view  of  the 
matter,  as  so  much  depends  on  the  nature  of  the  backfill  and  the 
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way  it  is  i)lac('(l  uiulcr  and  owv  ihe  pipcN  honcc  until  lurtlu'r 
investigations  have  been  made,  it  will  be  prudent  to  assume  that 
in  locations  where  the  right  of  way  for  a  pipe  conduit  is  not  af- 
fected by  heavy  moving  loads,  such  as  locomotives,  road  rollers, 
etc.,  at  least  two  thirds  of  the  weight  of  the  backfill  acts  upon  the 
pipe  as  a  uniformly  distributed  vertical  load  and  produces  cir- 
cumferential bending  stresses  in  the  metal. 

The  magnitude  of  the  maximum  stress  s  in  the  outermost  fiber,  due 
tothe  said  uniform  vertical  external  load  {w) ,  is  found  by  placing  the 
moment  or  modulus  of  resistance  equal  to  the  maximum  bending 

moment:  .w=-r-^  =  -tt-,  whence  x  =  ()..i/o»n  y  1  .      ivow,   it   we 

assume  that  the  l)ackfill  weighs  llo  lb.  per  cu.  ft.  and  is  (5  ft.  deep, 
the  weight  will  ho  (ri  =  4.8  lb.  per  sq.  in.;  and  if  two  thirds  thereof 
acts  vertically  upon  the  pipe  as  aforesaid,  the   value  of  ir  will  be 

w  =  ^M'i  =  3.2   lb.  per  sfj.   in.,  whence  .§  =  1.2[-  j.     In  general,  the 


ratio  (yj  =37  for  the  thinnest  large  cast-iron  pipes   and  li)o  for 

the  thinnest  large  steel  pipes;  hence  we  have  in  general  the  maxi- 
mum stress  due  to  bending,  .s  =  1  643  11).  per  sq.  in.  for  cast  iron,  and 
.s  =  44  699  lb.  per  sq.  in.  for  steel.  This  latter  value  of  .s'  is  greater 
than  the  elastic  limit  of  the  metal,  and  hence  the  pipe  will  become 
permanentl}^  flattened  unless  a  considerable  horizontal  pressure 
is  exerted  on  the  sifles  of  the  pipe.  From  the  foregoing  experi- 
mental data  it  does  not  seem  expedient  to  regard  the  ratio  f — 

as  being  less  than  0.25  under  the  most  favorable  conditions,  and 
if  the   weight    of  the  backfill   is  only  96   lb.    per    cu.   It.  with  a 

de))th  of  3   ft.,   we    will    have   »'=  j=2.()    11).    per    s(\.    in.,    and 


s  =  0.75(yj  =27  937  lb.  pci-  s(|.  in.    for   the   thiimest   steel   pipes. 

The.se  figures  will  suffice  to  show  that  the  stresses  caused  by  tin; 
backfill  are  of  much  importance  when  the  pipe  is  em))ty  or  internal 
water  pressure  is  small. 

The  (luestion  now  arises  whether  the  tensile  Ix-nding  stress 
due  to  the  backfill  is  to  l)c  added  to  the  tensile  stress  resulting 
from  the  internal  water  pressure,  or  whether  the  latter  (lo(>s  not 
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eliminate  the  former  in  large  degree  by  reducing  the  initial  de- 
formation or  flattening.  There  can  be  little  doubt  that  a  large 
internal  water  pressure  will  tend  to  restore  the  original  circular 
cross-section  of  the  pipe,  but  in  doing  this  work  the  sides  of  the 
pipe  will  recede  slightly  from  the  adjacent  earth  and  thus  reduce 
or  eliminate  any  existing  lateral  horizontal  pressure.  This  action 
must  be  followed  by  a  corresponding  increase  of  the  vertical 
external  pressure  until  equilibrium  is  finally  established  with  a 
somewhat  greater  external  load  than  while  the  pipe  was  empty, 
and  hence  also  with  a  slight  deformation  and  a  resulting  tensile 
stress  that  will  add  to  the  stress  produced  by  the  internal  water 
pressure.  It  is  difficult  to  determine  the  magnitude  of  this  final 
flattening  and  its  accompanying  tensile  stress.  In  the  case  of 
cast-iron  pipes  it  will  usually  be  small,  but  in  the  case  of  thin 
steel  pipes  it  may  attain  a  considerable  magnitude.  Under 
existing  conditions  of  inadequate  experimental  data,  it  will,  there- 
fore, be  prudent  to  consider  that  the  backfill  will  produce  an 
appreciable  deformation  and  tensile  stress  in  large  water  pipes, 
as  done  in  Mr.  Hazen's  formula. 

Another  feature  in  the  case  is  the  external  pressure  of  the 
atmosphere  against  the  wall  of  a  pipe  from  which  the  water 
has  been  withdrawn,  as  when  a  valve  is  closed  and  a  blow-off 
is  opened.  The  backfill  is  usually  more  porous  above  the  pipe 
than  below  the  same,  so  that  momentarily  a  greater  atmospheric 
pressure  will  develop  on  the  upper  surface  than  on  the  lower 
one  when  all  internal  pressure  ceases;  and  if  the  material  is 
moist  and  plastic,  the  air  pressure  on  the  surface  of  the  backfill 
will  act  like  an  applied  load  at  the  rate  of  14.7  lb.  per  sq.  in.,  of 
which  the  greater  part  will  be  transmitted  to  the  pipe.  This 
atmospheric  pressure  is  ecjual  to  the  weight  of  a  column  of  earth 
22  ft.  high  at  the  rate  of  96  lb.  per  cu.  ft.  No  provision  for  admit- 
ting air  into  cast-iron  pipes  by  means  of  automatic  vacuum  valves 
is  usually  made,  but  if  we  assume  a  depth  of  10  ft.  of  backfill  at 
115  lb.  per  cu.  ft.  in  conjunction  with  the  atmospheric  pressure, 
the  total  external  load  will  become  7<'i  =  23  lb.  per  sq.  in.;  and  if 
three  fourths  of  this  load  acts  vertically  upon  the  upper  surface 
of  the  pipe,  as  indicated  by  Professor  Talbot's  data  in  the  fore- 
going table,  we  will  have  iv  =  17.25  lb.  per  sq.  in.,  and  the  cor- 
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responding    stress    s  =  0.375«;(  y )  =8  857  lb.   per  sq.   in.   in  the 

thinnest    cast-iron    pipe   for   which  the  ratio  (-7-)  =  37.       This   is 

an  extreme  case,  as  there  mil  be  a  little  air  pressure  on  bottom  of 
pipe,  owing  to  the  density  of  the  material  and  the  high  resistance 
to  the  circulation  of  air  therein. 

Severe  circumferential  stresses  are  also  caused  in  cast-iron  pipes 
by  the  setthng  of  several  lengths.  This  produces  an  intense 
leverage  pressure  in  the  lead  joint  on  the  top  and  bottom  of  the 
spigot,  ^\^th  the  probability  that  the  fillet  or  bead  comes  in  contaqt 
at  the  top  with  the  bell,  thus  making  a  concentrated  load  of  great 
magnitude.  If  we  assume  that  this  vertical  load  is  not  concen- 
trated, but  is  distributed  uniformly  over  the  horizontal  diameter 
D  and  on  an  effective  width  of  2  in.,  and  is  resisted  by  a  length  of 
6  =  12  in.  of  the  spigot  end  of  the  pipe,  we  vaW  have  the  relation 
2wD-       she     „   „        .  // 


M=    77^  =    p    =2.s7-,    whence     "'=  ^*^''^(  7) )  •     Taking  the  stress 

s  at  its  limiting  value  for  cast  iron  in  flexure,  viz.,  s  =  27  000 
lb.  per  sq.  in.,  as  per  Professor  Talbot's  tests,  we  will  have  for 
a  36-in.  cast-iron  pijic  1  in.  thick  a  limiting  leverage  load  on  the 
lead  joint  iv  =  31G  lb.  per  sq.  in.  on  wdth  of  2  in.  Such  a  load 
is  very  easily  developed  b}'  the  settling  of  a  few  heavy  pipes  in 
a  yielding  soil. 

In  addition  to  the  computable  stresses  mentioned  in  the  fore- 
going, there  are  a  variety  of  other  stresses  that  should  be  taken 
into  consideration,  as  cited  in  Mr.  Hazen's  paper.  Concerning 
the  magnitude  of  these  other  stresses,  little  information  of  a 
definite  character  is  available,  and  hence  allowance  for  them  must 
be  made  in  the  adopted  factor  of  safety.  Mr.  Hazen  has  shoAm 
very  good .  reasons  for  modifying  our  previous  formulas  for  the 
thickness  of  large  cast-iron  pipes,  and  submits  a  rational  sub- 
stitute. The  only  point  that  the  writer  can  raise  is  in  regard  to 
the  ultimate  tensile  strength  of  that  quality  of  cast  iron  which  is 
now  commonly  used  for  making  pipes.  The  author  has  adopted 
for  this  a  value  of  22  000  lb.  per  s(i.  in.  Not  many  years  ago 
water-works  engineers  were  satisfied  if  the  direct  tension  tests 
of  samples  of  tlie  metal  showed  an  ultimate  strength  of  about  16- 
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000  lb.  per  sq.  in.  For  breaking  stress  in  bending,  values  of  from 
30  000  to  40  000  lb.  per  sq.  in.  are  often  obtained,  but  as  these 
figures  are  commonly  based  on  the  erroneous  assumption  that  at 
rupture  the  neutral  axis  lies  at  the  middle  of  the  rectangular  cross- 
section  of  the  test  bar,  it  is  clear  that  they  cannot  represent  the 
normal  tensile  strength  of  the  metal  which  is  brought  into  action 
by  the  internal  water  pressure.  The  use  of  .'<  =  22  000  thus  im- 
plies a  marked  improvement  in  pipe  foundry  practice  which  de- 
serves some  explanation,  and  the  author  will  add  much  to  the  value 
of  his  paper  by  submitting  a  brief  abstract  of  recent  tests  of  pipe 
metal  on  which  his  figure  is  based. 

Arthur  N.  Talbot,  Esq.*  (hij  letter).  Mr.  Hazen  has 
referred  to  the  experiments  on  the  strength  of  east-iron  pipe 
to  resist  external  load  made  at  the  University  of  Illinois.  It  is 
evident  from  a  study  of  the  question  that  the  actual  bending 
moment  brought  upon  pipe  depends  upon  the  method  of  ap- 
plying the  load  (its  distribution  over  the  pipe)  and  upon  the  way 
the  pipe  is  bedded.  If  the  pipe  is  supported  along  the  bottom 
element  alone,  and  the  load  is  applied  along  the  top  element, 
the  bending  moment  at  a  longitudinal  section  at  the  top  or  bot- 
tom of  the  pipe  will  be  Q.16QD  where  Q  is  the  concentrated  load 
applied  at  the  crown  and  D  is  the  diameter  of  the  ring.  If,  now, 
the  load  is  distributed  uniformly  in  a  horizontal  direction  over  the 
pipe,  and  if  the  upward  pressure  on  the  bed  is  similarly  uniformly 
distributed,  the  maximum  bending  moment  is  j^WD  where  W 
is  the  total  vertical  load  on  the  pipe.  Lateral  pressure  against  the 
pipe  will  reduce  this  maximum  bending  moment.  If  this  lateral 
pressure  is  uniformly  distributed  and  if  q  represents  the  ratio  of 
the  horizontal  to  the  vertical  intensity  of  pressure,  the  maximum 
moment  will  be  t6(1  —  q)WD,  where  II"  is  the  total  vertical  load 
on  the  pipe.  It  is  seen  that  if  the  intensity  of  the  horizontal 
pressure  is  the  same  as  that  of  the  vertical  pressure,  q  =  I  and  the 
bending  moment  becomes  zero  at  all  points.  Any  horizontal  or 
lateral  pressure  if  uniformly  distributed  will  decrease  the  bending 
moment  developed.  However,  study  of  tests  made  on  pipe  em- 
bedded in  sand,  and  consideration  of  the  conditions  which  will 

*  Professor  of  Municipal  and  Sanitary  Engineering  and  in  charge  of  Theoretical  and  Applied 
Mechanics,  University  of  Illinois,  I'rbana,  111. 
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exist  in  the  l)ed  and  in  the  l)ack-fining  of  a  pipe  line,  indicate  that 
the  effect  of  this  lateral  ijressure  may  be  expected  to  be  offset 
by  variations  from  uniform  distril)ution  of  pressure  op  the  bed  or 
of  the  load  on  the  pipe  and,  therefore,  that  j^  is  as  low  a  coefficient 
as  should  ordinarily  be  assumed  in  calculating  stresses.  Under 
these  assumptions  the  fornmla  given  by  Mr.  Hazen  for  the  bend- 
ing moment  stress  developed  is  correct,  and  probably  it  is  as 
generally  representative  as  can  be  made  with  our  present  knowl- 
edge. It  may  need  modification  for  unusual  conditions  of  bed- 
ding and  backfilling,  and  of  course  in  deep  trenches  the  full  weight 
of  the  earth  ma}'  not  come  on  the  pipe. 

The  analysis  given  in  Bulletin  No.  22  of  the  Engineering  Ex- 
periment Station  of  the  University  of  Illinois,  referred  to  by  Mr. 
Hazen,  brings  out  the  importance  of  giving  especial  care  to  bed- 
ding and  backfilling.  It  is  very  important  that  the  pipe  shall 
not  rest  along  an  element  at  the  bottom,  or  that  after  a  little 
settlement  the  main  pressure  shall  not  be  upon  this  line.  If 
the  layer  of  earth  immediately  under  the  pipe  is  hard  or  uneven, 
or  if  the  bedding  at  either  side  of  the  pipe  is  of  soft  material  or 
is  not  well  tamped,  the  result  is  greatly  to  increase  the  bending 
moment  developed  by  the  (wternal  load  and  hence  to  increase 
the  tendency  of  pipe  to  fail.  This  condition  may  be  aggravated 
in  the  case  of  a  pipe  with  stiff  bell  or  hub  when  settlement  brings 
an  excessive  proportion  of  the  bearing  at  the  bell,  resulting  in  a 
distribution  of  pressure  far  from  uniform.  In  bedding  th(>  pipe 
in  hard  ground  it  is  better  to  form  the  trench  so  that  the  pipe  will 
be  fairly  free  along  the  bottom  element,  even  after  settlement 
occurs,  and  in  such  way  that  the  bearing  pressure  may  be  greatest 
near  the  one-thi^'d  points  of  the  horizontal  diameter,  or  even 
farther  out.  Care  in  this  matter  will  reduce  the  bending  nioincut 
stresses  in  the  pipe. 

In  case  the  pipe  is  bedded  in  loose  material,  the  effect  of 
settlement  will  be  to  compress  the  earth  immediately  under  the 
bottom  element  of  the  pipe  more  than  at  either  side,  with  the 
result  that  the  pressure  w\\\  tend  toward  concentration  at  the 
center.  Careful  filling  anfl  tamping  at  the  sides  will  result  in 
giving  lateral  suj)p()rt  to  the  pipe.  In  a  similar  manner  the  fill- 
ing and  tamping  over  the  top  may  be  made  in  such  a  way  as  to 
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reduce  the  bending  moment  stresses  —  the  fill  should  be  more 
thoroughly  compacted  at  the  sides  and  over  the  quarter  than  over 
the  top  of  the  pipe. 

Attention  should  be  called  to  the  fact  that  the  analysis  of  effect 
of  external  load  assumes  that  the  distribution  of  the  pressure 
is  by  means  of  the  earth  under  and  over  the  ring  and  that  this 
earth  will  be  compressed  in  somewhat  the  same  way  as  other 
materials  of  construction  under  compression.  Unless  the  earth 
has  elasticity,  the  assumed  distribution  of  pressure  cannot  occur. 
Further,  to  secure  the  uniform  distribution  assumed,  the  pipe 
itself  must  deform  enough  to  allow  for  the  movement  of  the  earth 
which  takes  place  under  this  compression.  This  is  especially 
true  with  reference  to  the  presence  and  utilization  of  lateral 
restraint,  and  a  ring  which  does  not  deform  laterally  will  not 
develop  lateral  pressure  in  the  adjoining  earth  under  ordinary 
conditions  of  moisture  and  filling  to  any  great  extent.  As  the 
conditions  of  earth  and  moisture  produce  mobility  and  approach 
hydrostatic  conditions,  the  necessity  for  this  elasticity  and  move- 
ment does  not  exist,  but  here  the  lateral  pressure  approaches  the 
vertical  pressure  in  amount  and  the  bending  moment  becomes 
relatively  smaller. 

Enough  has  been  said  to  indicate  the  importance  of  care  in 
bedding  pipe  and  in  filling  over  them  and  to  indicate  the  great 
difference  in  the  amount  of  bending  moment  stresses  developed 
with  different  conditions  of  bedding  and  filling.  Where  there  is 
any  question  of  needed  strength,  it  will  be  money  well  spent  to 
use  especial  care  and  precaution  in  bedding  the  pipe  and  in  filling 
around  and  over  it. 

Mr.  Hazen  refers  to  the  smaller  liability  of  steel  pipe  to  break- 
age. One  factor  Avhich  gives  additional  security  to  the  steel 
pipe,  and  which  has  not  been  recognized,  is  the  advantageous 
distribution  of  external  pressure  above  and  below  and  laterally, 
due  to  the  larger  deformation  under  external  load.  Under  the 
distortion  of  section  the  pressure  will  be  greater  at  points  away 
from  the  top  and  bottom  element  and  the  lateral  pressure  against 
the  pipe  will  also  be  greater.  The  change  in  the  horizontal  and 
vertical  diameters  of  a  steel  pipe  0.2  in.  thick  will  be  seventy-five 
times  as  great  as  that  of  a  cast-iron  pipe  1  in.  thick  under  the  same 
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load  and  with  tli(>  same  distribution  of  pressure.  The  higher 
deformation  will  permit  the  development  of  lateral  pressures 
which  will  much  re(hice  the  bending  moment  stresses  brought 
upon  the  pipe  by  the  external  loads.  Although  the  tests  hereto- 
fore referred  to  show  that  48-in.  cast-iron  pipe  will  give  a  change 
in  diameter  of  from  |  in.  to  1|  in.  before  breaking,  the  amount  of 
change  in  diameter  where  internal  pressure  constitutes  the  pi'ii)- 
cipal  force  producing  stress  will  be  slight,  and  the  yielding  of  the 
earth  will  not  be  sufficient  to  permit  the  development  of  much 
lateral  pressure.  In  thin  steel  pipe  the  change  in  diameter  under 
ordinary  loads  is  greater.  This  point,  of  course,  is  only  one  item 
in  any  comparison  of  steel  and  cast-iron  pipe. 

It  does  not  seem  logical  to  make  the  allowance  for  water  hammer 
in  a  pipe  line  dependent  upon  the  amount  of  the  static  pressure, 
as  the  conditions  of  pipe  line  flow  vary  so  greatly,  and  especially, 
as  the  amount  of  water  hammer  developed  depends  upon  v(4ocity 
of  flow  rather  than  upon  the  static  pressure  existing. 

Mr.  Hazen  is  to  be  commended  for  calling  attention  to  the 
importance  of  the  stresses  due  to  external  load  in  large  pipes 
sul)jected  to  low  internal  pressure.  The  paper  is  an  interesting 
presentation  of  the  matter. 

Mr.  W.  C.  Haw'ley  *  (by  letter).  This  paper  calls  attention  to 
a  fact  which,  while  it  has  been  understood  by  a  few  engineers, 
has  not  been  generally  recognized  by  the  average  water-works 
man.  Up  to  a  certain  diameter,  the  external  pressure,  so  far  as 
the  weight  of  the  backfill  is  concerned,  need  not  be  considered, 
but  just  what  this  limiting  diameter  is  has  not  been  stated.  It 
is  the  writer's  belief,  however,  that  the  author,  in  considering 
pipes  36  in.  in  diameter  and  larger,  has  indicated  the  point  at 
which  the  weight  of  the  backfill  must  be  considered,  except, 
possibly,  in  those  cases  where  the  pipe  is  laid  at  excessive  depths. 
This  is  borne  out  by  the  experience  with  the  Pennsylvania  Water 
Company's  line  to  which  Mr.  Metcalf  has  referretl.  This  line 
was  laid  for  the  purjjose  of  conveying  water  from  one  distributing 
reservoir  to  another,  and  two  miles  of  it  were  of  42-in.  pipe,  the 
other  two  miles  being  of  30-in.  pipe.  The  42-in.  pipe  was  laid 
with  an  average  depth  of  cover  to  top  of  pipe  of  about  4.5  ft., 

♦Chief    EnEinecr,  Pennsylvania  Water  Company,  Wilkinshurp.  Pa. 
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but  there  were  a  number  of  places  where  for  short  distances  it 
was  from  9  ft.  to  12  ft.,  and  in  two  cases  it  was  at  least  18  ft.  The 
water  pressure  on  this  line  reached  as  high  as  150  lb.  per  sq.  in. 
There  were  but  two  weights  of  42-in.  pipe  used:  Class  A,  which 
weighed  400  lb.  per  ft.,  with  a  thickness  of  approximately  0.86 
in.,  and  Class  B,  which  weighed  450  lb.  per  ft.,  with  a  thickness 
of  approximately  0.97  in.  The  deep  trench,  with  one  exception, 
occurred  on  the  B  class  of  pipe.  The  exception  was  that  with 
18-ft.  cover  near  the  first  reservoir,  and  it  is  interesting  to  note 
that  two  of  the  light-weight  pipe  failed  in  this  deep  trench. 

The  serious  trouble  on  this  line,  however,  occurred  with  the 
Class  B  pipe  at  a  ])oint  where  the  pressure  was  in  the  neighbor- 
hootl  of  125  11).  and  where  the  l^ackfill  did  not  exceed  from  3  to 
5  ft.  The  failures  were  so  serious  that  a  mile  and  one  half  of  the 
42-in.  pipe  were  taken  up  and  replaced  with  36-in.  pipe. 

The  two  miles  of  30-in.  were  of  a  uniform  weight  of  250  lb. 
per  ft.,  with  a  thickness  of  about  0.82  in.  This  pipe  was  laid  with 
an  average  depth  of  cover  of  about  4  or  5  ft.,  but  with  maximum 
depths  of  8  to  12  ft.  The  highest  pressure  carried  was  about 
130  lb.  to  the  sq.  in.,  and  the  backfill  at  this  point  was  only  2  or 
3  ft.  The  weight  of  this  pipe  was  calculated  by  the  same  formula 
that  was  used  for  the  42-in.  pipe;  it  was  purchased  from  the  same 
foundry  under  the  same  specifications  at  the  same  time  and 
neither  was  inspected  at  the  foundry.  Both  pipes  were  laid  in 
1900  by  the  same  contractor,  and  the  30-in.  is  still  in  service  with- 
out a  single  failure  due  to  any  fault  of  the  pipe.  This  would  seem 
to  indicate  that  the  smallest  diameter  of  pipe  which  requires  the 
consideration  of  the  external  pressure  lies  between  3()-in.  and  42-in. 
It  is  interesting  to  note,  however,  that  nearly  all  of  the  30-in. 
pipe  was  laid  in  an  earth  trench  with  good  material  on  which  to 
place  the  pipe,  while  most  of  the  trench  for  the  42-in.  pipe  was  in 
stony  ground  or  rock. 

As  above  stated,  there  is  about  one-half  mile  of  the  42-in.  pipe 
still  in  service.  Specifications  under  which  this  pipe  was  laid 
called  for  it  to  be  laid  on  blocks.  This  was  not  done  in  all  cases, 
but  within  the  last  fifteen  months  two  pipes  have  burst  on  account 
of  the  concentration  of  the  load  at  one  point.  In  each  case  the 
p\\)e  was  resting  on  a  projection  of  rock  in  the  bottom  of  the 
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trench.  In  contrast  to  this,  in  the  mile  and  one  half  of  36-in.  pipe 
which  was  laid  by  the  same  contractor  in' the  same  trench  after 
the  removal  of  the  42-in  pipe,  but  under  rigid  inspection  by  a 
man  experienced  in  pipe  laying  and  which  was  not  laid  on  blocks, 
there  has  not  been  a  single  failure,  not  even  a  serious  leak,  in  the 
eight  years  that  it  has  been  in  service.  The  36-in.  pipe  was,  how- 
ever, materiall}^  heavier  tlian  the  42-in.  pipe. 

The  stresses  from  internal  strains  in  the  metal  and  the  stress 
due  to  improperly  bedding  the  pipe  cannot  and  need  not  be  taken 
care  of  in  a  formula  for  thickness  of  pipe.  The  former  can  l)e 
largely  eliminated  b>'  proper  inspection  at  the  foundry  by  an 
exjierienced  inspector.  The  latter  requires  good  honest  work 
in  laying  the  pipe.  The  inspection  necessary  to  secure  the  desired 
results  Avill  cost  far  less  than  the  additional  metal  which  will  be 
required  if  allowance  is  made  in  the  formula  to  cover  them,  to 
say  nothing  of  the  cost  of  damages  and  the  annoyances  caused 
by  the  interruption  of  supply  after  the  pipe  has  been  laid  and  put 
into  service. 

The  thorough  bedding  of  the  pipe  is  a  more  important  matter 
than  is  generally  recognized.  The  writer  had  occasion  some  years 
ago  to  reconstruct  a  water-works  plant  and  to  materially  in- 
crease the  pressure  on  a  portion  of  its  distribution  system.  The 
pipe  in  this  system,  or  at  least  a  considerable  part  of  it,  had  been 
laid  to  stand  a  pressure  of  not  to  exceed  90  lb.  per  sq.  in.  As  a 
matter  of  fact,  for  years  the  pressure  has  seldom  if  ever  exceeded 
40  to  65  lb.  Some  of  the  4,  6,  and  8  in.  pipe  weighed  respectively 
20,  30,  and  40  lb.  per  ft.  With  the  completion  of  a  new  reservoir, 
the  pressure  was  increased  to  from  125  to  165  lb.  pw  stj.  in.  The 
pipes,  tliough  of  light  weight  for  such  pressures,  hud  been  iu  the 
giounil  long  enough  to  have  bcconic  thoroughly  bedded,  and  there 
wtre  but  tAvo  pipes  burst  as  the  result  of  increasing  the  })ressure, 
both  of  which  were  light-weight  12-in.  pipes.  The  writer  is  of 
the  opinion  that  had  this  pipe  system  been  subjected  to  such  a 
high  pressure  when  it  was  first  lai<l,  there  would  ha\c  been  a 
large  number  of  breaks. 

There  is  a  cause  for  the  t'ailui'c  of  cast-iron  ])ipc  which  was  very 
forcibly  called  to  the  A\Titer's  attention  some  years  ago  l)y  a  car- 
Urdd  of  pipe  which  had  })een  in  a  railroad  collision.    The  pipe  had 
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been  partially  throwai  from  the  car,  some  of  it  badly  broken, 
other  lengths  merely  cracked.  It  was  reloaded  and  upon  its  arrival 
at  its  destination,  the  l:)roken  and  cracked  pipe  was  rejected.  A 
very  careful  inspection  was  made  of  each  length,  and  special 
attention  was  given  to  sounding  each  length  as  it  hung  supported 
from  the  derrick  by  striking  it  with  a  hammer.  At  least  three 
men  inspected  the  pipe  on  the  ground  before  it  was  put  in  the 
ditch,  with  the  result  of  still  more  rejections.  As  soon  as  the  pipe 
was  laid,  it  was  tested  under  pressure  and  several  lengths  failed. 
An  inspection  of  the  l)reaks  showed  that  the  ])ipe  had  been  cracked 
on  the  inside  where  it  could  not  be  seen  l)y  the  inspector,  Ijut  that 
the  crack  had  not  extended  through  the  shell  of  the  pipe.  Doubt- 
less the  cause  of  the  crack  was  a  sharp  blow  received  on  the  outside 
at  the  time  of  the  collision,  which  had  opened  the  crack  on  the 
inside  of  the  pipe,  but  was  not  sufficient  to  cause  a  crack  through 
the  entire  thiclaiess  of  the  metal.  The  writer's  experience  since 
that  leads  him  to  believe  that  a  considerable  number  of  the  failures 
of  cast-iron  pipe  are  due  to  blows  received  in  loading,  transporta- 
tion, or  unloading,  —  especially  unloading,  —  and  that  special 
care  must  be  exercised  to  prevent  pipe  being  damaged  in  this  way. 

The  wi'iter  notes  that  in  developing  the  formula  for  the  thickness 
of  cast-iron  pipe,  the  author  has  used  22  000  lb.  as  the  tensile 
strength  of  the  metal.  Dou])tless  he  has  information  which  leads 
to  the  use  of  this  seemingly  high  figure.  So  far  as  the  writer  is 
concerned,  he  has  for  some  years  past  used  18  000  lb.,  and  from 
rather  recent  figures  is  inclined  to  believe  that  20  000  lb.  could 
be  safely  used. 

Mr.  Allen  Hazen  {by  letter) .  The  author  will  agree  at  once  that 
the  suliject  of  "  water  ram  "  was  treated  in  an  inadequate  way,  as 
was  perhaps  natural,  because  it  was  not  the  main  subject  under 
discussion.  The  author  hopes  that  a  separate  paper  upon  this 
subject  may  be  presented  by  some  one  who  is  well  Cjualified  to 
do  it. 

The  tensile  strength  of  cast  iron,  taken  in  the  calculation  as 
22  000  lb.  per  sq.  in.,  is  probably  a  little  above  that  which  can 
ordinarily  be  obtained  at  the  present  time.  Mr.  Hawley's  sug- 
gestion of  20  000  lb.  as  representing  the  best  current  work 
is  probably  about  right.     The  calculation  was  first  made  in  con- 
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ne.etion  with  a  discussion  in  which  it  was  proposed  to  use  a  superior 
quahty  of  cast  iron  with  a  higher  tensile  strength,  and  the  figures 
so  made  were  not  reduced,  as  perhaps  it  would  be  well  to  do  now, 
in  applying  them  to  present  conditions. 

On  the  other  hand,  the  average  strength  of  the  cast  iron  used 
in  the  culvert  pipes  broken  in  Professor  Talbot's  experiments, 
computed  by  solving  the  formula  l)a('kward,  gave  an  average 
value  somewhat  above  the  22  000  lb. 

The  fact  that  lateral  pressure  is  developed  largel\'  in  coimection 
with  the  deformation  of  the  pipe,  growing  out  of  its  elasticity,  is 
an  interesting  one,  and  the  points  made  by  Professor  Talbot  and 
Mr.  Kuiehling,  based  upon  this  general  idea,  are  most  interesting 
and  important. 

Mr.  Kuichling's  data  as  to  the  weight  actually  borne  in  certain 
cases,  computed  from  the  measured  distortion  of  the  pipe,  is 
most  interesting.  This  seems  to  indicate  in  general  a  smaller  pro- 
portion of  the  weight  of  the  fill  actually  carried  by  the  pipe  than 
is  assumed  by  the  formula.  However,  the  maximum  results  will 
control  rather  than  average  results,  and  bearing  this  in  mind  the 
substantial  agreement  between  the  formula  and  the  observations 
is  gratifying.  Professor  Tall)ot's  endorsement  of  the  general 
method  is  most  important. 

It  is  gratifying  that  Mr.  Hawley  has  put  on  record  particulars 
as  to  one  of  the  lines  of  thin  pipe  that  has  broken  badly.  The 
author  believes  that  there  are  a  number  of  other  cases  of  interest 
and  importance  known  to  members  of  the  Association,  and  he 
hopes  that  further  particulars  of  these  may  be  put  on  record  at 
.some  time. 
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THE  MECHANICAL  FILTRATION  PLANT  AT  NEWPORT, 

R.  I. 

BY    ROBERT    E.    MILLIGAN,    MANAGER    NEW   YORK    CONTINENTAL 
JEWELL    FILTRATION    COMPANY. 

[Read  December  14,  1910.] 

The  reinforced  concrete  filtration  plant  of  the  Newport  Water 
Works,  Newport,  R.  I.,  was  contracted  for  in  the  early  part  of 
1909  and  completed  and  placed  in  operation  in  May,  1910. 

Considerable  elasticity  in  operation  is  possible  because  of  the 
design  of  this  plant,  as  sedimentation  with  or  without  coagulation, 
separate  coagulation  within  the  basin  provided,  sterilization  by 
hypochlorite  solution  before  or  after  filtration,  and  aeration  are 
all  arranged  for  in  conjunction  ^vith  mechanical  filtration  proper. 

The  plant  consists  essentially  of  two  sedimentation  or  settling 
basins  arranged  to  operate  as  one  basin  under  normal  conditions,  a 
distinct  coagulating  basin  through  which  the  settled  water  must 
pass  to  the  filters,  the  filters  themselves  and  the  clear  water  well 
below  them. 

Fig.  1,  Plate  I,  shows  the  general  design  and  relation  of  these 
settling  basins  and  the  coagulating  basin  to  the  filters  proper  which 
are  contained  Avithin  the  house  shown  in  the  middle  distance,  the 
background  indicating  the  pumping  station  of  the  water  works,  to 
which  the  new  structure  is  joined  by  a  covered  passage  and  ma- 
chinery room.  The  settling  basins  are  arranged  around  three 
sides  of  the  coagulating  basin  and  the  coagulating  basin  is  located 
Avithin  the  space  indicated  by  the  iron  railing  shown  on  the  picture. 
The  l)asins  together  occupy  a  rectangular  space  approximately 
135  ft.  long  by  70  ft.  wide,  and  the  center  coagulating  space  is 
84  ft.  by  25  ft.  The  settling  liasins  are  about  19  ft.  deep  and  the 
coagulating  basin  16  ft.  The  tower  shown  is  the  coagulating  por- 
tion of  the  building  providing  gravity  feeds  for  the  solutions  used 
in  the  purification  process. 
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Fig.  1. 
Arrangement  ok   Settling    Basin    and   Coagulating    Basin    in    Re- 
lation TO  Filters. 


Fig.  2. 

Complete   Sedimentation    and   Coagulating    IJasin    hekokk    Sui'er- 

structure  was  erected. 
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Fig.  2,  Plate  I,  shows  the  completed  sedimentation  and  coagu- 
lating basins,  filter  tanks,  clear  well,  and  machinery  room  all 
enclosed  before  erection  of  buildings.  The  elevated  structure 
shown  above  the  basin  contains  the  concrete  storage  tanks,  four  in 
number,  for  the  sulphate  of  alumina  and  hypochlorite  of  lime  solu- 
tions. The  building  in  the  background  is  the  pumping  station,  and 
the  sheet  of  water  shown  is  one  of  the  supplies  of  the  water  works, 
in  fact,  the  receiving  basin  or  impounded  reservoir  from  which  the 
low-service  pumps  supplying  the  filters  take  their  suction. 

As  you  probably  know,  Rhode  Island  has  few  hills  and  conse- 
quently a  limited  watershed,  so  that  large  impounded  areas  are 
used  to  provide  the  supply  for  Newport.  These  supplies  are  con- 
nected together,  and  to  the  receiving  reservoir  shown  adjacent  to 
the  pumping  station.  A  special  pumping  station  is  in  use  occasion- 
ally to  force  the  water  from  one  of  these  reservoirs  to  the  receiv- 
ing basin  because  of  an  intervening  hill.  Newport's  water  supply 
is  carefully  guarded  against  pollution,  large  areas  of  water-shed 
being  owned  by  the  company.  From  the  viewpoint  of  filtration, 
however,  this  is  a  difficult  water  to  handle,  as  most  of  the  supply 
is  high  in  color  Portions  of  the  supply  differ  radically  from  each 
other  in  character.  All  of  it  is  low  in  alkalinity,  and  algal  growths 
at  certain  times  prevail. 

The  report  of  the  State  Board  of  Health  for  July,  1910,  states 
that  considerable  micro-organisms  were  present,  including  des- 
mids,  protozoa  and  nostoc,  crustaceans  and  amorphous  matter. 
These  continued  through  August,  while  the  report  of  November 
includes  asterionella,  pediastrum,  and  scenedesmus.  At  that  time, 
November  15,  1910,  the  report  shows  the  raw  applied  water  to 
have  a  color  of  43  and  330  bacteria  per  cubic  centimeter,  and  the 
treated  filtered  water  to  be  5  in  color  and  had  no  bacteria  per 
cubic  centimeter. 

Our  own  chemist,  Mr.  Nichol,  now  in  that  neighhorliood,  writes 
me  that  he  finds  scytomena  in  quantities  clinging  to  the  filter 
walls. 

These  difficulties  were  foreseen  and  influenced  the  design,  Dr. 
J .  L.  Leal,  who  acted  as  adviser  to  the  water  works  and  supervised 
the  design  of  the  ])lant,  wishing  all  the  latitude  possible^  to  meet 
and  remove  these  disadvantages. 
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Constructively,  the  plant  is  an  excellent  example  of  reinforced 
concrete;   it  might  rather  be  described  as  concreted  steel. 

Fig.  1,  Plate  II,  gives  an  idea  of  the  very  thin  reinforced  beams 
tying  the  open  coagulating  and  sedimentation  basins  together  in 
place  of  decks,  and  indicating  the  concrete  flume  opening  througii 
which  the  subsided  water  passes  to  the  coagulating  basin  and  then 
to  the  filters  by  gravity.  There  are  1  640  cubic  yards  of  concrete 
of  the  proportion  1:2:4,  and  76  tons  of  corrugated  tyi^e  D  steel 
bars  used,  the  steel  being  approximately  0.7  per  cent,  of  the  bulk 
of  the  concrete.  The  capacity  of  the  sedimentation  basin  is 
750  000  gallons,  or  three  hours'  continuous  subsideace  at  the  nor- 
mal filtering  value  of  6  000  000  United  States  gallons  in  twenty- 
four  hours.  In  addition,  the  capacity  of  the  coagulating  basin  is 
250  000  gallons,  or  a  period  of  one  hour's  coagulation;  the  total 
capacity  for  subsidence  and  coagulation  is  therefore  1  000  000 
gallons,  or  a  period  of  four  hours  from  the  time  the  water  enters  the 
settling  basin  until  it  reaches  the  influent  flume  to  the  filters. 

Within  the  space  connecting  the  pumping  station  with  the  new 
filter  building  is  arranged  the  low-service  machinery  rooms. 

This  room  (Fig.  2,  Plate  II)  is  on  a  level  with  the  old  pump  room, 
elevation  14.43,  about  7  ft.  below  the  operating  floor  of  the  filter 
house,  elevation  21.25,  so  that  it  is  easily  reached  by  the  engineer 
in  charge,  and  also  forms  the  entrance  to  the  filter  house.  In  this 
machinery  room  are  located  two  6  000  000-gallon  centrifugal 
pumps,  each  direct  connected  to  vertical  Sturtevant  engines,  and 
these  pumps  supply  the  sedimentation  basins  with  the  water  to 
be  purified,  pumping  first  to  two  large  aerating  devices,  one  on 
either  side  of  the  two  settling  basins,  and  superimposed  above 
them  and  partly  supported  on  the  filter  deck.  In  this  room  also 
is  located  the  blower  furnishing  air  to  assist  in  washing  the  filters, 
and  the  two  cast-iron  float  tanks  with  levers  operating  the  balanced 
valves  on  the  steam  supply  to  the  engines;  these  float  tanks  are 
connected  with  the  level  of  the  water  in  the  coagulating  basin 
so  that  the  pumps  increase  or  diminish  the  supply  automatically. 
And  here,  too,  is  located  the  testing  table  disclosing  the  water 
passing  from  the  filters,  and  the  raw  water  as  well 

At  times  considerable  odor  exists  in  the  raw  supply,  rendering 
a  very  thorough  aeration  necessary  before  it  passes  to  the  filters. 
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Fig.  1. 
Surface  of  Coagulation  Basin  showing  Flume  Entrance. 


Fig.  2. 
Low-Skuvick  Pumps. 
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The  aerating  devices  (Fig.  1.  Plate  III)  are,  I  think,  ilovel  and 
certainly  have  proven  successful  in  the  results  obtained.  Thej^ 
consist  of  substantially  two  large  concrete  boxes,  each  with  two 
sides  or  slabs  converging  to  a  common  center.  On  these  slabs  rest 
certain  cast-iron  sections  about  2  in  square.  These  sections  are 
ridged  in  such  a  manner  that  when  bolted  together,  covering  the 
entire  surface,  the  whole  presents  a  series  of  channels  abutting  one 
against  the  other  and  forcing  the  incoming  water  to  take  a  tortuous 
tangential  direction,  and  making  a  multiiilicity  of  miniature  water 
falls  over  which  the  water  dashes,  reaching  the  channel  at  the 
bottom  of  the  converging  slabs  thoroughly  aerated  and  without 
further  cost  than  the  extra  lift  of  about  4  ft.  implies.  The  collect- 
ing channel  then  permits  the  water  to  pass  into  the  settling  basins 
and  eventually  to  and  through  the  filters,  passing  through  Weston 
controllers  located  in  the  pipe  gallery,  finally  to  the  clear  water 
well  under  the  filter  house  whence  the  high-service  pump  lifts 
it  to  the  consumer. 

The  pipe  gallery  is  lighted  ))y  electricity,  is  spacious  and  easily 
entered  V)y  a  door  leading  from  the  machinery  room. 

Fig.  2.  Plate  III,  shows  the  operating  floor  above  the  pipe 
gallery  before  the  building  was  erected.  The  filter  bed  openings 
and  the  line  of  the  building  is  also  indicated.  On  the  right  is 
located  one  of  the  aerators. 

The  same  space  is  shown  in  Fig.  1  Plat(>  IV.  after  the  erection 
of  the  building  and  installation  of  the  operating  tables.  Here 
the  laboratory  room  is  located.  At  the  upper  end  of  the  operat- 
ing gallery,  and  beyond  the  laboratory,  is  the  storage  space. 
Storage  and  mixing  tanks  with  agitators  are  arranged  in  a  gallery 
elevated  above  the  main  floor,  while  on  the  main  floor  are  located 
the  orifice  and  regulating  devices  for  the  feeding  of  coagulant 
and  hypochlorite  solution. 

On  the  operating  floor,  the  loss  of  head  gages  are  installed 
adjacent  to  the  operating  tables.  These  tables  are  constructed 
of  black  slate,  and  the  indicators  and  valve  handles  are  nickel 
plate,  the  whole  adding  to  the  ajipearance  of  the  gallery. 

The  filter  house  proper  opens  into  the  coagulant  tower  located 
just  above  the  end  wall  of  the  coagulating  basin  (Fig.  2,  Plate  IV). 
In  this  tower  are  arranged  all  the  coagulant  devices;    the  upper 
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portion  of  the  tower  or  gallery  contains  the  two  hypochlorite  of 
lime  tanks  and  the  two  sulphate  of  alumina  tanks,  all  four  of 
reinforced  concrete,  each  7  by  7  by  5  inside.  By  means  of  a  hoist 
and  bucket  the  sulphate  of  ahnnina  is  lifted  in  measured  quantity 
and  laid  upon  the  racks  and  water  sprayed  upon  it  until  dissolved, 
and  the  concrete  storage  tank  filled  to  a  prearranged  ])oint,  where- 
upon the  water  automatically  shuts  off,  and  the  stored  solution, 
2  per  cent,  strength,  is  ready  for  use;  this  solution,  kept  in  motion 
by  agitators,  then  feeds  into  a  porcelain-lined  cast-iron  orifice 
box  located  below  and  in  measured  quantity  is  introduced  from 
there  into  the  raw  water  at  two  points  if  required,  namely,  the 
suction  of  the  centrifugal  pumps  and  the  influent  flume  to  the 
coagulating  Imsin.  While  the  hypochlorite  solution  is  also  used 
and  stored  as  a  solution  and  fed  through  similar  orifice  feed  boxes, 
the  handling  of  che  salt  itself  is  somewhat  different  in  order  to 
get  it  into  the  storage  tank  with  the  least  exposure.  Superim]30s'ed 
above  the  concrete  storage  tanks  are  two  cast-iron  porcelain- 
lined  mixing  tanks  with  tight  covers  and  equipped  with  agitators, 
revolving  at  a  faster  rate  than  is  necessary  for  those  used  in  the 
storage  tanks. 

The  hypochlorite  is  placed  in  these  mixing  tanks  and  thoroughly 
agitated  with  a  small  stream  of  water  passing  in  and  out  to  the 
storage  tank,  the  storage  tank  meanwhile  slowly  filling  to  the 
point  required.  The  hypo,  is  thus  kept  in  a  sort  of  chyle  or  milky 
solution,  gradually  weakening  in  the  mixer  and  passing  to  the 
storage  tank  where  the  slower  moving  agitator  keeps  it  thoroughly 
mixed.  Little  or  no  odor  is  noticed  around  this  process,  the  mixing 
occurring  l)ut  once  a  day. 

Preliminary  operating  by  us  soon  established  the  fact  that 
introducing  the  hypo,  into  the  raw  water  had  no  apparent  effect 
even  when  quantities  sufficiently  large  to  convey  distinct  odor 
of  chlorine  to  the  filtered  water  were  used.  No  reduction  of 
bacteria  or  color  was  apparent  and  no  appreciable  elimination 
of  algae  was  noticed. 

When  coagulation  with  sulphate  of  alumina  was  accomplished 
by  its  introduction  as  the  water  entered  the  settling  basin,  and  the 
coagulated  water  was  filtered  in  the  usual  manner  so  that  perfectly 
clear  water  greatly  reduced  in  ]>acteria  passed  into  the  clear  water 
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well,  and  the  hypo,  solution  in  minute  quantities  was  fed  at  a 
point  in  the  clear  well  at  the  sump  or  suction  to  the  high-service 
pumps,  the  desired  result  was  attained  and  practically  sterile 
clear  bright  filtered  water  was  pumped  to  the  consumer. 

At  the  time  the  above-quoted  State  Board  of  Health  analysis 
was  made,  November,  1910,  one  grain  per  gallon  of  sulphate  of 
alumina  Avas  fed  to  the  discharge  of  the  low-ser\nce  centrifugal 
pumps,  and  0.5  parts  per  milhon  of  hypochlorite  of  lime  were 
applied  at  the  sump  or  outlet  of  the  clear  water  well. 

The  capacity  of  the  clear  water  well  is  116  000  gallons,  and  covers 
the  entire  basement  of  the  filter  plant  proper.  These  are  six 
1 000  000-gallon  filters  of  the  Continental  air  wash  pattern, 
each  discharging  separately  into  it  so  that  the  one  point  where 
all  the  filtered  water  comes  into  intimate  contact  with  all  the 
hypo,  fed  through  one  connection  is  at  the  outlet  of  the  basin 
where  the  high-service  pumps  take  their  suction. 

The  officers  of  the  water  works  gave  every  assistance,  and  the 
thanks  of  the  contractors  are  especially  due  Mr.  E.  W.  Kent^ 
chief  engineer  and  superintendent,  who  super\ised  the  construction 
for  the  Water  Company,  and  under  whose  direction  all  the  mains 
exterior  to  the  building  were  laid  and  all  the  excavation  ac- 
complished. 
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WATER  CONSUMPTION   AND   STATISTICS   RELATING 

THERETO. 

BY    EDWARD    S.    COLE,    CONSULTING   ENGINEER,    NEW   YORK. 

[Read  March  9,  1.910.] 

It  is  not  my  purpose  to  discuss  the  broad  subject  of  water  con- 
sumption, but  rather  to  plead  for  a  more  rational  method  of  report- 
ing the  statistics  of  water  use  in  American  cities. 

The  need  of  better  data  has  been  appreciated  keenly  by  all  who 
are  interested  in  the  improvement  of  American  works  along  lines 
of  economy  and  efficiency.  We  in  this  country  are  very  late  to 
take  up  the  conservation  of  our  water  supplies,  however  advanced  . 
we  consider  ourselves  in  other  fields.  Without  doubt  we  must 
sooner  or  later  find  ourselves  obUged  to  practice  economy  in  water- 
works matters  just  as  have  our  English  cousins,  and  the  certainty 
that  this  change  is  coming  is  the  chief  argument  in  favor  of  better 
water  supply  statistics,  such  as  will  give  us  the  much-needed 
measure  of  relative  economy. 

Our  cities  may  be  wasteful  or  economical  in  water  use,  but  there 
is  no  competent  evidence  of  the  fact  available  to-day.  Per 
capita  consumption  as  we  have  it  is  of  httle  or  no  value  to  the 
water-works  man,  whether  he  be  interested  in  the  operation  of 
old  works  or  the  design  of  new  ones,  for  the  excellent  reason  that 
it  has  been  our  time-honored  custom  to  lump  business  and  domes- 
tic consumption.  Obviously  it  is  futile  to  compare  total  per 
capita  ratio  of  consumption  without  first  excluding  business  use. 
It  needs  no  argument  to  show  that  "business  use"  bears  no 
rational  relation  either  to  population  or  to  anything  else.  It  is 
an  independent  variable  with  which  it  is  impossible  to  solve  the 
great  problem  of  reasonable  use  in  American  cities.  In  the  name 
of  common  sense  let  us  eliminate  it! 

We  are  all  familiar  with  examples  of  variable  use,  for  we  have 
the  suburban  town  with  little  or  no  such  use  and  the  mill  town 
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•with  a  disproportionately  large  amount  drawn  for  manufactur- 
ing purposes. 

It  is  plain  that  we  must  separate  business  and  domestic  con- 
sumption if  we  would  make  comparisons.  Even  in  our  large 
cities,  business  use  varies  greatly,  though  but  few  reliable  esti- 
mates of  it  have  been  made;  probably  a  variation  of  two  hundred 
per  cent,  is  quite  possible.  The  twenty-five  gallons  per  capita 
estimated  liy  Mr.  Brackett  as  used  for  business  purposes  in  Boston 
is  hardly  a  criterion  for  similar  use  in  New  York,  Pittsburgh, 
Buffalo,  or  Chicago. 

Right  here  let  me  say  that  we  cannot  be  too  cautious  in  re- 
l^orting  the  total  amount  drawn  for  business  purposes.  Even 
when  entirely  supplied  through  meters  we  must  accept  the  figures 
subject  to  an  increase  because  of  the  widespread  fondness  of  the 
American  manufacturer  for  getting  ahead  of  the  local  water 
department.  That  large  meters  are  by-passed,  or  water  drawn 
from  fire  services  or  other  unmetered  connections,  is  beyond 
question  and  to  an  extent  not  realized  by  many  superintendents. 
Speaking  from  a  personal  knowledge  gained  in  making  district 
tests  in  many  cities  during  the  past  ten  years,  I  do  not  hesitate  to 
say  that  this  sort  of  thing  is  responsible  for  much  of  the  apparent 
unreasonableness  in  reported  statistics  as  well  as  for  great  financial 
losses  to  city  revenues. 

Incidentally  let  me  add  that  such  losses  need  not  continue, 
for  there  are  several  well-known  means  for  detecting  them.  Ijs 
it  not  possible  that  a  few  of  our  cities  which  enjoy  the  distinction 
of  reporting  a  low  per  capita  rate  are  more  indebted  to  a  fortu- 
nate combination  of  circumstances,  such  as  a  large  tenement- 
house  population  and  non-water-using  mills,  than  to  unusual 
efficiency  of  management? 

How  often  have  we  as  outsiders  misjudged  a  city  r(>porting  an 
apparently  excessive  total  rate,  when  as  a  matter  of  fact  there  are 
special  large  business  or  other  uses  which  justify  that  rate. 

As  to  domestic  consumption  we  also  find  a  variation,  but  it 
seems  to  bear  a  more  or  less  rational  relation  to  the  character 
of  the  consumers. 

Here  we  find  according  to  published  statistics  of  metered  con- 
sumption a  range  from  ten  or  twelve  gallons  per  capita  daily  for 
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the  tenement-house  dwellers  -^vith  their  scanty  supply  of  fixtures 
and  unsanitary  habits  of  living,  to  eighty  or  ninety  gallons  per 
capita  for  the  finest  residences  and  city  apartment  houses. 

Obviously  it  would  be  fair  to  divide  domestic  use  according 
to  three  general  classes  representing  the  highest,  middle,  and  low- 
est rate  of  use  without  involving  unnecessary  complication. 
Such  a  classification  would  throw  a  flood  of  light  upon  the  whole 
matter  of  relative  use  and  waste. 

First  of  all,  we  should  be  careful  in  reporting  the  total  yearly 
consumption.  Too  often  this  is  based  upon  plunger  displacement 
without  any  correction  for  slippage.  Where  such  allowance  is 
made  it  would  be  well  to  report  the  method  by  which  the  actual 
net  pumpage  has  been  determined.  This  information  would 
give  to  the  figures  a  value  which  they  do  not  now  possess. 

We  now  have  the  following  standard  form  as  recommended  by 
this  Association. 

f  Total. 

(1)  Population    ^  On  line  of  pipe. 

(^  Supplied. 

(2)  Total  consumption  for  year. 

(3)  Quantity  passed  through  meters  and  per  cent,  of  total. 

(4)  Total  number  of  meters  and  per  cent,  of  services  metered. 

f  Total. 

(5)  Average  J  Per  inhabitant, 
consumption  daily.  |  Per  consumer. 

l^  Per  tap. 

In  order  to  bring  the  matter  definitely  before  the  Association, 
the  following  form  which  seems  to  represent  the  minimum  re- 
quirements is  suggested. 


BUSINESS    AND    PUBLIC    USE. 

(1)  Business  and  public  use  by  meters. 

(2)  Business  and  public  use,  unmetered  (estimated). 

(3)  Business  and  public  use,  per  capita. 


DISCUSSION.  69 

DOMESTIC    USE. 

First-class  dwellings,  hotels  and  apartment  houses. 

Gallons  metered  to  this  class. 

Estimated  population  metered  of  this  class. 

Per  capita  metered  daily  of  this  class. 

Estimated  population  of  this  class. 

Estimated  use  of  entire  city,  metered  and  unmetered,  of  this 
class,  based  upon  above  rate  shown  by  meters. 
Middle-class  dwellings. 

Gallons  metered  to  this  class. 

Estimated  population  metered  of  this  class. 

Per  capita  metered  daily  of  this  class. 

Estimated  population  of  this  class. 

Estimated  use  of  entire  city  of  this  class. 
Lowest-class  dwellings,  wth  scanty  plumbing. 

Gallons  metered  to  this  class. 

Estimated  population  metered  of  this  class. 

Per  capita  metered  daily  of  this  class. 

Estimated  population  of  this  class. 

Estimated  use  of  entire  city  of  this  class. 

DISCUSSION. 

Mr.  Leonard  Metcalf.*  It  seems  to  me  that  Mr.  Cole's 
suggestion  is  a  very  good  one  indeed.  It  is  so  plainly  true  that  it 
hardly  needs  anj-thing  to  be  said  in  favor  of  it.  Of  course  there 
is  a  practical  difficulty  in  gatherhig  the  statistics  which  he  suggests, 
but  in  a  system  which  is  thoroughly  metered  it  ought  to  be  possible 
to  do  it,  and  it  seems  to  me  that  the  cost  of  obtaining  the  infor- 
mation is  so  sniall  that  it  might  well  be'  incurred.  It  does  seem  to 
me  that  it  might  be  advantageous  for  the  Association  to  give 
consideration  to  that  fact  in  the  form  of  statistics  which  has  been 
l)r('i)ared  for  general  use,  so  that  we  might  at  all  events  ol)tain 
such  additional  information  along  these  lines  as  is  possil)le. 

Mr.  Elbert  E.  LocHRiDGE.f  Mr.  President,  I  have  been  very 
much  interested  in  Mr.  Cole's  paper,  especially  in  the  part  re- 

*  Of  Metcalf  &  Eddy,  Consulting  Engineers,  Boston,  Mass. 
t  Chief  Engineer,  Water  Department,  Springfield,  Mass. 
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lating  to  business  uses  of  water.  I  think,  as  Mr.  Cole  does,  that 
one  city  can  hardly  be  judged  in  comparison  with  another  as  to 
the  use  of  water,  for  we  may  have  a  city  which  is  well  metered  with 
a  comparatively  high  consumption  per  capita,  and  another,  with 
perhaps  not  more  than  forty  per  cent,  of  that  amount.  If  we  were 
able  to  designate,  as  of  course  is  possible  in  some  systems,  what 
the  water  could  be  used  for,  we  would  largely  eliminate  some  of 
the  business  uses,  or  at  least  show  what  these  uses  were  and  what 
they  amounted  to  as  a  business  proposition. 

Mr.  George  A.  Stacy.*  I  think  Mr.  Cole  has  opened  up  a  new 
line  of  thought,  or,  rather,  he  has  expressed  the  thought  in  a  way 
in  which  it  has  not  been  expressed  here  before,  which  is  of  con- 
siderable value.  It  seems  to  me  that  there  is  a  great  lack  of  in- 
formation in  regard  to  it.  It  seems  perfectly  natural  and  perfectly 
right,  if  we  are  going  to  state  the  consumption  per  consumer,  to 
state  it  as  nearly  correctly  as  possible.  That  is  very  difficult  to 
do  when  we  mix  up  other  uses  with  the  domestic  use,  as  we  have 
done  in  the  past.  It  seems  to  me  that  this  will  be  a  long  road  to 
travel,  if  we  are  going  to  see  it  through. 

The  President.  I  think  you  might  find  it  interesting  to  study 
the  water  consumption  in  the  two  cities  of  New  Bedford  and 
Fall  River.  They  are  very  similar  in  the  character  of  their  popu- 
lation, both  being  cotton  mill  cities.  In  Fall  River  they  have  an 
abundant  supply  of  water  for  their  boilers,  and  do  not  use  the  city 
water.  In  New  Bedford  I  think  nearly  all  the  water  for  con- 
densing purposes  is  taken  from  the  city  mains,  and,  of  course, 
the  consumption  per  capita  in  New  Bedford  is  from  two  to  three 
times  what  it  is  in  Fall  River.  The  reason  that  is  generally  given 
to  account  for  that  is  that  Fall  River  is  a  metered  city  and  New 
Bedford  is  not,  but  I  think  that  is  not  the  true  explanation. 

Mr.  George  A.  Carpenter,  f  Mr.  Cole  has  alluded  in  a  modest 
way  to  a  fact  which  is  of  much  greater  importance  than  he  has 
given  to  it.  We  are  in  the  habit  of  reporting  our  conclusions 
regarding  the  work  of  our  pumping  stations  to  a  considerable  degree 
of  minuteness.  We  estimate  carefully  the  amount  of  coal  con- 
sumed, the  amount  of  money  expended  in  various  ways,  and  then 

*  Superintendent  Water  Works,  Marlboro,  Mass. 
t  City  Engineer,  Pawtucket,  R.  I. 
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as  a  basis  for  deciding  upon  the  effective  work  of  our  systems  we 
depend  upon  an  altogether  unknoA\ai  quantity,  the  amount  of 
water  sent  out  by  our  pumps.  We  take  for  that  factor  the  plunger 
displacement  with,  perhaps,  a  suggested  amount  of  slip,  amounting 
to  something  like  3  or  4  per  cent.;  because  the  engineer  hardly 
cares  to  admit  that  his  pump  is  giving  an  excessive  amount  of 
slip. 

Now,  I  know  that  operating  engineers  will  take  exception  to 
this  statement,  but  I  firmly  believe,  from  what  information  I 
have  been  able  to  gather,  that  the  amount  of  slip  in  a  large  ma- 
jority of  pumps  in  our  pumping  stations  is  an  entirely  unknowai 
quantity;  and  yet  we  base  all  our  calculations  upon  that  quantity. 

In  an  investigation  made  a  few  years  ago,  in  regard  to  the  con- 
sumption in  a  city  which  was  rated  by  plunger  displacement  at 
about  ninety  gallons  per  capita,  —  not  a  large  per  capita  consump- 
tion for  our  American  cities,  —  I  made  a  complete  investigation, 
taking  as  a  basis  of  the  population  the  census  returns  of  the  enumer- 
ators at  Washington,  which  divide  a  city  into  smaller  districts 
than  can  usually  be  obtained  from  the  reported  returns,  and  taking 
for  the  water  consumption  of  those  same  districts  the  meter 
records  of  the  department.  In  this  city  where  the  consumption 
by  plunger  displacement  and  ])y  the  figures  reported  was  upwards 
of  90  gal.  per  capita,  the  domestic  consumption,  when  applied 
to  purely  domestic  uses,  was  not  over  20  gal.  per  capita,  and  the 
total  metered  consumption  where  factories  and  domestic  consumers 
were  both  metered,  was  only  about  40  gal.  per  capita.  I  am  posi- 
tive that  the  remaining  50  per  cent,  cannot  in  any  way  be  accounted 
for  by  leaks  or  waste.  In  confirmation  of  that,  a  large  section  of 
this  city  was  later  supplied  with  a  meter  on  the  12-in.  main  de- 
livering water  to  that  section,  and  the  consumption  was  found 
to  be  practically  what  had  been  computed  for  it,  without  any 
addition  of  40  or  50  per  cent,  for  waste.  It  therefore  seems  to  me 
decidedly  imjiortant  to  measure  the  water  as  it  goes  from  our 
pumps  by  some  form  of  meter,  for  then  we  will  have  a  better 
foundation  upon  which  to  base  our  future  calculations. 

Mr.  Frank  C.  Kimball.*  I  had  occasion  to  look  into  a  plant 
this   summer,    where   the   superintendent   instead   of   using   the 

*  Civil  Engineer.  Boston.  Mass. 
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plunger  displacement  to  calculate  the  quantity  of  water  which 
was  pumped,  shut  the  inlet  gate  into  the  pump  well  about  once 
a  month  and  pumped  a  given  number  of  revolutions,  and,  noting 
the  depth  to  which  he  drew  the  water,  figured  his  plunger  dis- 
placement from  that,  until  he  again  tested  it. 

There  were  three  pumps  in  that  plant,  and  one  of  those  pumps 
showed  about  6  per  cent.,  while  one  of  the  others  showed  some- 
thing like  18  per  cent,  discrepancy  between  the  actual  pumpage 
as  calculated  from  the  well  displacement  and  the  plunger  dis- 
placement. For  some  years  now  he  has  used  that  method,  and 
does  not  enter  his  record  as  so  much  displacement  less  per  cent, 
of  slip,  but  enters  it  direct  by  dividing  the  displacement  in  his 
well  by  the  number  of  revolutions.  Wherever  pumpmg  is  done 
from  a  well  or  a  gallery,  where  the  water  can  be  shut  off  even  for 
a  limited  time,  say  five  minutes,  this  method  will  give  you  a  verj- 
much  better  result  than  mere  plunger  displacement. 

I  can  remember  that  the  first  time  I  had  to  calculate  the  dis- 
charge of  a  pump  I  was  told  to  use  2  per  cent,  for  the  slip,  as 
that  would  cover  everything.  I  took  occasion  on  that  same  plant, 
a  little  while  later,  to  shut  doA\ai  the  discharge  gate,  and  pumped 
against  it  to  see  how  many  revolutions  I  could  get  out  of  the  pump. 
Of  course  that  is  not  an  accurate  method  of  determining  the 
slip,  by  any  means,  but  it  is  very  much  better  than  to  assume 
2  per  cent.,  especially  as  I  got  about  7.5  per  cent,  out  of  that  pump 
in  that  way. 

Mr.  Johnson.  I  can  offer  some  further  testimony,  perhaps,  on 
the  line  suggested  by  Mr.  Carpenter.  This  last  smnmer  I  have 
had  occasion  to  try  to  reconcile  the  meter  reachngs,  where  a  meter 
was  placed  on  a  force  main,  with  the  records  of  the  displacement  of 
the  pump.  I  was  very  much  surprised  to  find  that  the  meter  would 
sometimes  record  30  per  cent,  less  than  the  pump  for  a  period,  say,of 
several  weeks,  then  it  would  be  practically  the  same  and  then,  per- 
haps, for  two  or  three  weeks  it  would  be  20  per  cent,  less  than  the 
plunger  displacement.  We  finally  notified  the  makers  of  the  meter 
and  had  them  send  a  man  up  to  find  what  was  the  trouble  with  it. 
He  failed  to  find  any  trouble  with  the  meter,  and  then  I  sent  a 
man  out  to  study  the  pump  records  day  by  day.  He  stayed  in  the 
pumping  station  watching  the  meter  and  the  counter,  and  as  a 
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result  we  found  that  the  trouble  was  entirely  in  the  pump.  We 
now,  after  having  made  some  changes  in  the  pump,  have  the 
readings  practical!}'  in  agreement,  —  perhaps  one  or  two  per  cent, 
difference.  Sometimes  there  would  be  a  chip  under  one  of  the 
valves  of  the  pump,  and  sometimes  something  else  would  happen, 
but  in  every  case  where  there  was  a  great  difference  there  was 
something  the  matter  with  the  pump.  I  was  impressed  with  the 
fact  very  forcibly  that  it  was  not  only  essential  to  test  the  pump 
occasionally,  but  that  it  is  decidedly  essential  to  have  a  meter 
on  the  force  main,  in  order  to  get  any  accurate  results,  —  anyway 
with  this  kind  of  pump.  This  is  not  intended  as  an  advertisement 
for  meters,  but  I  firmly  believe  that  a  meter  is  an  excellent  thing 
in  my  own  pumping  station. 

Mr.  Allen  Hazen.*  I  have  tried  the  experiment  which  Mr. 
Kimball  described  of  closing  the  outlet  of  the  pump  and  seeing 
how  fast  it  would  go,  frequently ;  and  I  have  almost  always  learned 
something  from  the  experiment.  In  one  case  I  remember  a  pump 
driven  by  water  power  which  had  been  in  use  a  good  many  years, 
and  which  was  the  main  stand-by  of  a  high-service  system.  Other 
pumps  had  been  put  in  to  help  it  out  from  time  to  time,  but  this 
old  pump  was  the  main  stand-by.  We  needed  to  know  how  much 
water  was  being  used,  so  one  day  I  took  the  responsibility  of  clos- 
ing the  valve  on  the  outlet.    The  pump  never  hesitated. 

Mr.  Robert  S.  Weston. f  I  was  in  Cincinnati  a  few  years  ago, 
and  they  told  me  a  story  about  the  old  pumping  station  there 
which  may  be  of  interest  in  this  connection.  They  had  three 
very  old  pumps  at  the  time  the  pumping  station  was  dismantled, 
and  on  one  occasion  they  stopped  one  of  these  three  pumps,  and 
no  water  ran  into  the  reservoir  with  the  other  two  pumps  working. 

Mr.  John  C.  Chase. |  I  may  add  a  word  of  testimony  as  to 
the  testing  of  a  pump  for  slip.  Some  fifteen  or  twenty  ex])eriments, 
carried  on  over  a  period  of  about  six  months,  showed  that  only 
from  83  to  90  per  cent,  of  the  measured  capacity  of  the  pumps 
was  obtained.  The  90  per  cent,  was  when  a  new  plunger  had  been 
put  in  and  it  was  in  first-class  condition.    Our  experience  in  pump- 
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ing  against  closed  valves  was  practically  the  same  as  that  of  Mr. 
Kimball  and  Mr.  Hazen. 

Mr.  W.  F.  Sullivan.*  In  Nashua  we  are  separating  the  amomit 
of  water  used  by  large  manufacturing  corporations  and  railroads 
from  the  rest  of  the  consumption,  and  we  find  that  it  represents 
about  forty  gallons  per  capita  out  of  the  total. 

Mr.  Samuel  A.  Agnew.j  A  number  of  years  ago  I  wrote  a 
paper  on  what  my  pumjas  were  doing  at  Scituate,t  and  I  estimated 
that  a  certain  amount  of  water  was  being  pumped,  subtracting 
5  per  cent,  for  slip.  Since  then  I  have  had  occasion  to  question 
the  amount  that  I  gave.  In  the  summer  there  is  a  time  when  we 
use  a  great  deal  of  water  in  the  town,  and  I  find  I  am  not  pumping 
as  much  water  as  I  seem  to  in  winter.  I  was  wondering  whether 
I  could  get  any  information  as  to  the  ratio  between  the  vacuum 
and  the  amount  of  water  a  pump  will  deliver.  I  can  shut  up  the 
gate  on  the  suction  and  secure  28  in. of  vacuum.  I  can  open  that 
gate  in  the  middle  of  the  summer,  and  I  can  make  26  in.  That 
is  the  amomit  of  vacuum  I  work  against.  I  was  wondering  whether 
I  could  get  any  information  as  to  the  ratio  of  the  amount  of  water 
pumped  to  the  amount  of  vacuum.  Possibly  somebody  can  tell 
me.  For  instance,  we  have  one  pump  which  will  deliver  160  gal. 
per  minute  at  about  15  in.  of  vacuum,  and  I  was  wondering  how 
much  that  pump  would  deliver  at  26  in. 

Mr.  Hayes. §    What  is  your  source  of  supply? 

Mr.  Agnew.     Driven  wells,  2.5  in.  in  diameter. 

Mr.  Hayes.     What  is  the  difference  in  their  depth? 

Mr.  Agnew.  I  don't  know  anything  about  the  depth  of  them. 
It  would  be  the  same  if  we  had  an  open  well,  if  we  had  26  in.  of 
vacuum.  I  was  wondering  how  much  water  these  pumps  would 
deliver  under  26  in.  of  vacuum. 

Mr.  Hayes.  I  can't  answer  the  question  offhand,  but  I  do 
know  of  an  experience  they  had  over  in  Somerville,  at  the  New 
England  Dressed  Meat  and  Wool  Company.  They  put  in  118 
wells  some  2  and  some  2§-in.  and  with  them  all  on  we  could  not 
get  as  much  water  as  we  did  after  we  cut  them  down  to  89.    That 
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is  to  say,  we  got  better  vacuum  witli  the  89  than  we  did  with  the 
118  from  the  fact  that  we  were  getting  air.  But  to  answer  Mr. 
Agnew's  question  tUrect,  how  much  water  a  2|-in.  driven  well  Avill 
give  with  26  in.  of  vacuum,  I  cannot. 

^[r.  Agnew.  I  was  not  asking  how  much  the  individual  well 
would  deliver.  We  have  40  of  those  wells,  and  it  stands  to  reason 
that  the  pump,  no  matter  in  what  condition  it  is,  will  not  deliver 
as  much  water  under  26  in.  of  vacuum  as  it  will  under,  say,  10  or 
15  in.  I  know  it  will  not  deliver  a  drop  with  the  suction  gate  shut, 
and  then  I  can  make  but  28  in.  Now,  there  is  2  in.  leeway.  It 
is  sometimes  almost  terrifying  to  go  into  the  pumping  station 
while  the  pump  is  working  mider  those  conditions.  It  is  impossi])le 
to  keep  bearings  tight  enough  so  but  what  they  will  bang  and 
rattle,  and  yet  have  them  loose  enough  so  they  will  not  heat. 

Mr.  Hayes.  You  probably  don't  get  solid  water,  but  get  some 
air.  Do  you  take  your  calculations  from  your  revolution  counter 
against  the  water  you  pump? 

Mr.  Agnew.    I  did  that  once;  I  don't  do  it  now. 
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TOPICAL   DISCUSSION. 

•  [Xovember  9,   1910.] 

Mr.  E.  E.  Lochridge.*  I  want  to  bring  up  for  discussion  the 
question  of  the  use  of  water  in  direct  pressure  elevators  where 
large  amounts  are  used  and  paid  for  under  the  regular  rates.  Any 
water  which  is  shut  off  quickly  will  develop  a  water  ram,  which 
will  undoubtedly  have  some  effect  on  the  stability  of  the  pipe. 
I  do  not  believe  that  most  of  us  realize  how  enormous  a  water 
ram  can  be.  We  ordinarily  think  of  adding,  perhaps,  50  per  cent., 
or  in  some  cases  100  per  cent.,  to  the  pressure  which  we  are  work- 
ing under,  for  the  water  ram.  Recent  studies  have  led  me  to  be- 
lieve that  water  ram  can  be  considerably  greater  than  that.  This 
is  a  point  to  be  taken  into  consideration  in  determining  the  thick- 
ness of  the  larger  pipes  in  our  distribution  system. 

The  use  of  water  elevators  I  know  is  allowed  in  some  cities 
and  is  not  allowed  in  others.  It  is  getting  to  be  an  important 
question  with  us  in  Springfield,  and  I  would  like  to  get  the  ideas 
of  different  superintendents  and  engineers  here  on  the  subject, 
together  with  the  experience  which  some  of  the  cities  have  had  with 
it,  both  those  who  have  permitted  the  use  and  do  not  now,  and 
those  who  now  permit  the  use  of  water  elevators  and  believe  that 
it  offers  a  good  market  for  the  water. 

Mr.  John  H.  Flynn-I  I  think  the  best  way  to  avoid  the  water 
hammer  is  to  have  such  machinery  as  will  not  produce  water 
hammer.  If  you  let  everybody  put  in  elevators  as  they  see  fit, 
and  run  them  as  they  see  fit,  you  must  expect  to  get  water  hammer. 
Water-works  superintendents  should  not  accept  a  water  elevator 
system  unless  it  is  free  from  water  hammer  or  any  water  troubles, 
and  there  is  no  trouble  about  getting  such  a  system. 

Mr.  William  F.  Sullivan. J  I  will  say  that  we  have  a  great 
many  railroad  standpipes  in  Nashua,  and  every  time  a  locomotive 
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takes  water  we  get  what  we  call  a  great  jab  on  our  indicator  card; 
and  when  there  are  four  or  five  standpipes  closed  almost  simul- 
taneously, we  get  an  extraordinary  jab.  We  are  trying  to  solve 
the  difficulty,  and  have  put  it  up  to  the  railroad  that  they  ought 
to  erect  tanks  into  which  we  could  feed  water,  so  that  they  could 
get  these  large  quantities  of  water  without  danger  of  water  hammer. 
The  railroad  people  are  around  asking  us  to  put  in  one  of  those 
large  4  000-gal.  tanks  in  about  a  minute.  I  think  the  water  ram 
or  water  hammer  is  going  to  be  increased  unless  they  have  some 
other  system  than  they  have  in  the  present  standpipe  arrangement. 

With  regard  to  elevators,  we  find  the  same  trouble  which  Mr. 
Lochridge  finds  in  Springfield;  but  we  have  meters  on,  and  there 
are  4-  or  6-in.  pipes  to  them,  and  the  water  is  taken  direct  and 
wasted  into  the  sewer,  and  we  get  our  money  for  it. 

Mr.  Walter  H.  Richards.*  With  respect  to  the  elevator 
question  and  direct  connected  elevators,  it  occurs  to  me  that 
possibly  the  water  may  be  too  valuable  to  be  used  in  that  way, 
particularly  where  there  is  a  low  or  a  moderate  pressure,  for  with 
such  a  pressure  of  course  they  have  to  use  a  great  deal  of  water. 
It  seems  to  me,  if  the  water  rates  are  high  enough  and  you  put  on 
meters,  people  would  get  tired  of  using  the  water  before  long, 
because  the  water  is  not  applied  in  an  economical  manner,  and 
its  use  would  be  too  expensive. 

Mr.  George  CASSELL.f  I  have  had  a  slight  experience  in 
regard  to  water  ram  in  Chelsea,  and  I  have  been  unable  to  find 
out  from  anybody  whom  I  have  approached  what  the  caus(>  of  it 
was.  Some  months  ago,  through  the  interest  taken  by  the  in- 
surance men,  we  put  in  a  special  high-service  gra\'ity  system  for 
sprinklers  and  no  other  purpose  in  the  manufacturing  establish- 
ments in  the  eastern  section  of  the  city,  as  the  pressure  we  had 
up  to  this  time  did  not  satisfy  them.  When  we  had  got  it  installed 
and  in  ojieration  we  found  that  the  pressure  at  the  end  of  t\w  line 
in  the  eastern  section  of  the  city  on  the  sprinkler  systinn  in  a  very 
large  manufacturing  concern  was  108  lb.  static  ])ressure.  A  short 
time  afterwards  I  had  a  telephone  message  from  that  company 
stating  that  the  pressure  was  so  great  that  it  had  startcnl  some 
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of  the  sprinkler  heads,  and  they  would  like  to  know  if  we  could 
not  do  something  to  reduce  the  pressure. 

A  short  time  ago  they  rang  me  up  again,  and  they  were  very 
much  excited.  They  said  that  again  sprinkler  heads  had  gone  be- 
cause the  water  had  jumped  from  108  to  130  lb.  I  told  them  that 
we  had  nothing  to  do  with  it ;  that  if  there  was  anything  to  cause 
water  ram  it  must  be  on  their  premises.  I  later  talked  with  the  en- 
gineer of  this  comjDany,  who  is  responsible  for  the  installation  of  the 
sprinkler  system  and  of  the  fire  system  which  is  connected  with  it, 
and  asked  him  if  he  had  been  able  to  find  out  what  caused  the  ram. 
He  said  that  he  had  not.  Then  I  asked  him  what  sort  of  sprinkler 
heads  he  had  that  went  off  at  130  lb.,  and  he  told  me  the  names 
of  the  different  sprinklers.  I  won't  mention  them,  because  I  am 
not  here  to  advertise  any  sprinkler  heads,  but  I  took  the  matter 
up  in  regard  to  the  number  of  pounds  pressure  that  a  sprinkler 
head  would  stand,  and  I  found  out  that  it  was  so  much  greater 
than  the  pressure  they  had  that  I  made  up  my  mind  that  the 
sprinkler  heads  that  went  off  were  so  antiquated  that  they  had 
better  change  them;  and  they  have  changed  them,  and  since  then 
we  haven't  had  any  trouble.  But  I  haven't  as  yet  found  out  what 
caused  the  water  ram. 

Mr.  Frank  C.  Kimball.*  I  would  hke  to  ask  Mr.  Cassell  if 
there  was  a  meter  on  the  pipe  that  ran  into  that  mill,  —  on  the 
fire  pipe. 

Mr.  Cassell,    No,  sir. 

Mr.  Kimball.  Possibly  if  there  was  a  meter  on  there,  — ^  I  do 
not  know  the  place,  so  this  is  entirely  impersonal  and  only  drawn 
out  as  the  result  of  some  experience  I  have  had  in  other  places,  — 
the  meter  might  have  shown  some  draft  of  water  about  the  time 
that  this  water  ram  occurred. 

Mr.  Cassell.  I  am  going  to  answer  Mr.  Kimball's  suggestion 
in  the  way  it  was  put  to  me  once:  "  Why,  you  don't  doubt  the 
honesty  of  a  manufacturer,  do  you?  " 

Mr.  Kimball.  I  never  did  in  my  life,  but  I  have  metered  every 
fire  service  that  I  have  had  anything  to  do  with  running  into  a 
mill  for  the  past  ten  years,  and  I  find  that  from  the  income  point 
of  view  it  is  the  best  thing  to  do. 

*  Civil  Engineer,  Boston,  Mass. 
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Mr.  Cassell.  I  should  be  very  glad  to  install  meters,  but, 
the  moment  A'OU  begin  to  talk  al)out  that,  the  first  question  asked 
is,  How  much  is  it  going  to  cost?  —  and  when  you  tell  them,  they 
throw  up  both  hands.  The  consequence  is  that  the  powers  that 
be  seem  to  decide  with  the  people  as  against  the  practical  men, 
and  consequentl}'  we  are  considered  antiquated  in  not  installing 
something  which  would  protect  the  city,  up  to  the  })resent  time. 
But  I  think  if  they  continue  to  place  the  burden  upon  the  water 
departments  the  water  superintendents  will  have  to  take  some  sum- 
mary measures  to  protect  themselves  from  criticism  in  the  future. 

jMr.  Lochridge.  Are  there  an}'  superintendents  or  engineers 
present  representing  systems  which  have  a  pressure  sufficient  to 
operate  elevators  directly,  who  have  eliminated  the  use  of  water 
elevators,  and  if  so,  why?  I  would  like  to  have  them  tell  what 
their  experience  has  been  along  that  line.  I  believe  one  of  the 
speakers  has  referred  to  an  mdirect  system,  —  that  is,  where  the 
elevator  is  raised  hydraulically,  but  where  the  power  does  not  come 
directly  from  the  main.  If  the  water  is  taken  from  the  main,  and 
enough  taken  to  operate  an  elevator,  when  it  is  shut  off  there  must 
be  some  water  ram,  in  any  system  which  could  be  devised. 

]VIr.  Kimball.  In  one  company  I  had  at  one  time  something 
like  thirty  or  forty  hydraulic  elevators.  The  water  hammer 
caused  by  those  was  such  that  by  a  recording  gage  we  could  never 
tell  within  forty  or  fifty  pounds  what  the  normal  pressure  on  our 
pipes  was.  A  large  part  of  that  we  finally  overcame  bj'  insisting 
on  an  adequate  air  chamber  placed  on  the  pipes  to  take  off  part 
of  the  shock.  A  little  later  we  got  rid  of  nearly  all  of  these  hydraulic 
elevators,  simply  because  the  Electric  Light  and  Power  Company 
came  into  the  field  and  wanted  the  business  and  we  found  that  Ave 
could  not  compete  with  them  at  ten  cents  per  thousand  gallons; 
so  we  got  rid  of  all  the  elevators.  We  were  glad  later  that  we  did. 
I  think  that  except  at  a  price  fully  as  great  as,  if  not  greater  than, 
the  ordinary  price  for  water  aou  cannot  afford  to  have  elevators 
connected  directly  with  your  mains.  You  cannot  tell  what  is 
hap})ening.  You  may  have  a  break  and  you  Avill  not  know  what 
caused  it.  It  may  be  a  mile  or  two  away  from  an  elevator.  I 
have  an  idea  that  elevators  have  a  good  deal  to  do  with  breaks 
on  mains,  when  they  are  directl}-  connected. 
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Mr.  John  J.  Kirkpatrick.*  Mr.  Lochridge  is  not  the  only 
one  who  has  had  trouble  with  water  hammer.  I  think  we  have 
all  had  some.  I  want  to  state  a  little  experience  we  had.  We 
have  one  building  eight  stories  in  height  on  our  main  street  that  we 
furnish  with  water  for  elevator  purposes  direct  to  their  piston 
during  the  daj^  only,  because  at  night  they  run  a  steam  plant  to 
light  the  building,  and  operate  their  pump  from  that.  They  have 
a  little  well  or  water  gallery  that  they  take  the  water  from. 
Sometimes  they  are  kind  enough  to  close  the  valve  between  their 
elevator  and  our  main,  and  sometimes  they  are  not.  We  are 
very  unfortunate  in  having  the  meter  so  placed  that  they  have 
on  one  or  two  occasions  blown  the  top  off  of  it,  when  they  had 
their  pump  going  at  150  or  160  lb. 

But  those  troubles  are  trifling  compared  with  the  troubles  caused 
by  the  water  hammer  that  we  get  from  the  American  Street  Car 
Sprinkling  Company.  There  is  a  standpipe  with  a  valve  or  gate 
that  they  draw  from,  within  perhaps  one  thousand  feet  of  where 
I  live.  I  have  a  pressure  gage  at  my  house  and  sometimes  it  is 
amazing  to  watch  the  fluctuations  of  pressure.  The  normal  pres- 
sure at  my  house  is  about  fifty  pounds,  and  I  have  seen  it  go  at 
chain  lightning  speed  up  to  one  hundred  and  twenty.  I  wondered 
at  first  what  caused  it,  but  after  I  had  run  around  the  corner  I 
found  that  our  friends,  the  street-car  sprinkler  company,  had 
been  filling  their  tanks  and  pouring  in  about  3  800  gal.  in  two 
minutes. 

Mr.  Flynn.  Over  on  Bay  State  Road  there  is  a  block  of  twenty 
houses.  In  eighteen  of  those  houses  there  are  elevators,  and  they 
have  been  in  for  twenty-five  years,  but  I  have  never  yet  heard  of 
a  single  complaint,  either  from  the  people  who  live  on  that  side 
of  the  street  or  from  those  who  live  on  the  opposite  side.  We 
have  only  an  8-in.  main  on  the  street.  It  seems  to  me  that  if 
eighteen  elevators  can  be  put  in  twenty  houses  without  causing 
any  trouble,  if  other  water-works  superintendents  will  look  after 
their  elevators  they  will  have  no  trouble. 

Mr.  George  E.  WmsLow.f  It  is  a  good  while  ago  that  I  was 
the  superintendent  of  our  works,  and  it  was  a  good  while  ago  that 

*  Superintendent  of  Water  Works,  Holyoke,  Mass. 
fWaltham,  Mass. 
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this  work  of  which  I  am  about  to  speak  was  done.  They  started 
putting  elevators  in  Waltham,  and  I  did  not  Hke  the  idea  of 
their  being  operated  by  the  valves  which  were  ordinarily  used, 
which  would  burst  our  cement  pipe  in  about  a  week.  So  I 
recommended  putting  on  a  relief  valve  which  Avould  be  as  large 
as  the  tap  or  larger.  On  most  of  the  elevators  that  were  run  with 
a  2-in.  pipe,  I  would  have  a  2-in.  relief  valve,  and  have  it  set  at 
ten  pounds  above  the  normal,  so  if  the  elevator  were  shut  off 
quickly  the  pressure  would  escape  through  the  relief. 

I  remember  the  case  of  one  company  which  was  going  to  put  in 
an  elevator,  and  I  wanted  to  have  a  relief  valve  put  on  as  usual, 
but  they  said  there  was  no  necessity  for  it  as  their  valve  was  made 
in  a  V-shape,  so  that  it  will  shut  off  the  water  gradually,  so  that 
it  was  impossible  to  create  a  Avater  ram.  Theoretically^  that  was 
all  right,  but  I  had  a  relief  valve  put  on  nevertheless,  and  after 
that  was  put  on  I  had  them  try  it,  stopping  the  elevator  as  quickly 
as  possible.  The  relief  valve  opened  all  right,  and  the  main  pipe 
would  have  opened  if  it  had  not  been  for  the  relief  valve. 

When  the  Fitchburg  Railroad  did  away  with  the  pumping  plant 
which  supplied  the  locomotives  with  water,  I  was  asked  to  connect 
up  to  their  standpipes  so  that  they  could  take  water  direct  from  our 
mains.  I  insisted  on  supplying  them  through  4-in.  pipe  from  an 
8-in.  main,  with  a  relief  valve  at  least  3-in.  in  diameter  as  near 
the  shut-off  gate  as  possible.  The  railroad  objected,  but  after 
waiting  a  year  decided  to  comply  with  my  conditions,  and  we 
made  the  connection.  After  this  plant  had  been  installed  I  went 
and  saw  its  operation  at  the  time  the  first  locomotive  was  filled. 
The  man  shut  off  the  giitv  at  the  ordinary  rate  that  th(>  railroad 
man  does  work  of  that  kind,  and  the  result  Avas  that  the  relief 
valve  opened  and  ran  for. thirty  seconds  before  it  closed.  That 
showed  that  there  was  a  good  deal  of  force  or  momentum  to  that 
water  and  it  took  quite  a  while  for  it  to  be  overcome.  We  never 
have  had  a  break  in  Waltham  from  the  elevators  or  from  the 
stand])ii)es  to  my  knowledge,  and  I  was  there  for  some  years. 
The  relief  valve  on  the  standpipe  was  set  at  ten  pomids  aliove  the 
normal.  I  can  see  no  other  remedy,  if  you  are  going  to  have 
elevators  or  are  going  to  close  an}^  valve  suddenly,  othci-  than 
a  relief  valve. 
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Mr.  Metcalf.  It  perhaps  is  worth  while  to  call  attention  to 
the  remarks  of  Mr.  Flynn  as  showing  the  inapplicability  of  the 
Boston  experience  to  Holyoke  and  Springfield  conditions.  It 
is  merely  indicative  of  the  relative  slowness  of  our  motion  here. 
If  you  have  gone  up  in  some  of  the  Boston  elevators  you  will 
find  the  explanation  immediately. 

Mr.  Richards.  At  Springfield,  as  I  understand,  they  have 
increased  their  pressure  considerably,  perhaps  doubled  the  pres- 
sure, or  something  like  that;  but,  as  I  understand,  they  use  the 
same  elevators  they  had  before  they  increased  the  pressure,  so 
that  they  are  using  an  elevator  pipe  larger  than  is  necessary; 
and  they  have  increased  the  velocity  of  the  water,  of  course,  and 
hence  they  have  increased  the  water  ram.  I  would  suggest  that 
possibly  that  could  be  cured  by  closing  the  gate  a  little,  or  perhaps 
making  the  aperture  that  the  water  is  supplied  through  a  little 
smaller.      I  think  very  possibly  that  might  remedy  the  difficulty. 
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INTRODUCTION. 

This  paper  is  the  outgrowth  of  certain  experiments  made  by  the 
Bureau  of  Filtration  of  the  city  of  Pittsburg,  under  the  direction 
of  the  writers,  to  determine  the  most  economical  method  of  trans- 
porting and  washing  dirty  sand  from  the  filter  beds.  Similar  work 
had  been  done  elsewhere,  and  the  experiments  hereinafter  recorded 
were  designed  to  supplement  the  then  available  information. 

A  summary  of  the  data  obtained  in  connection  with  these  experi- 
ments, with  reference  to  the  other  filtration  works  in  this  country, 
is  also  given,  and  it  is  hoped  that  with  this  information  available 
in  convenient  shape  for  discussion,  others  may  be  induced  to  give 
their  experiences  with  similar  apparatus,  for  the  benefit  of  the 
profession  and  all  people  interested  and  to  make  the  history 
complete. 

HISTORICAL. 

London,  1886. 

To  Mr.  William  B.  Bryan,  chief  engineer  of  the  East  Water 
Works  Company,  of  London,  England,  must  be  given  the  credit  for 
the  first  use  of  the  ejector  for  transporting  sand  from  filters,  about 
1886.  The  history  of  his  attempts  is  given  in  Transactions  of  the 
American  Society  of  Civil  Engineers,  Vol.  LIII.  He  mentions  one 
experiment  in  which  sand  was  transported  700  ft.  and  lifted  12  ft. 
He  also  describes  the  method  then  in  use  (1903),  which  was  a 
development  of.  the  above-mentioned  experiments  and  is  described 
as  follows :  * 

*  Trans.  Am.  Soc.  C.  E.,  Vol.  LIII,  p.  266. 
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"The  dirty  sand,  instead  of  having  to  be  wheeled  a  long 
distance  out  of  the  beds,  as  formerly,  is  merely  wheeled  into  a 
cast-iron  hopper,  the  water  is  turned  on,  under  pressure,  and 
left  on  until  the  whole  of  the  dirty  sand  in  the  bed  has  been 
lifted  out.  It  passes  into  one  end  of  the  rotary  machine,  and 
is  also  washed  in  transit.  A  little  hydraulic  engine,  fed  by  pure 
filtered  water,  turns  the  arm  inside  the  longitudinal  cylinder, 
and  the  exhaust  water  flows  into  the  hopper  at  the  opposite  end 
from  the  dirty  sand,  consequently  there  is  always  a  current 
of  water  meeting  the  sand  passing  through  the  washer.  The 
dirty  sand  overflows  at  one  end,  and,  as  the  sand  gets  cleaner, 
it  meets  the  cleaner  water.  The  elevator  drops  it  into  a  small 
iron  receptacle  and  a  f-in.  jet  of  water  throws  the  clean  sand  into 
an  adjoining  bed,  the  latter  operation  involving  no  loss  of  water 
whatever. 

"  In  the  original  experiments,  an  unforeseen  difficulty  was  met 
in  connection  with  the  suction  pipe.  This  pipe  was  made  some- 
what coned,  with  the  widest  end  of  the  cone  dipping  into  the 
dirty  sand,  and  the  flow  of  water  was  so  smooth  that  the  organic 
matter  in  the  sand  formed  a  slime  on  the  surface  to  a  considerable 
distance,  and  prevented  its  efficient  operation.  Therefore  the 
suction  pipe  was  taken  off  and  a  straight  pipe  put  in  with  the 
water  entering  a  T-piece  at  the  bottom,  with  holes  drilled  through 
so  that  it  should  enter  four  ways  at  once  and  the  water  jostle  itself 
in  all  directions  in  ■  passing  up  the  pipe.  No  trouble  has  been 
experienced  during  the  last  seventeen  years." 

London,  1892. 

In  Engineering  (London)  for  1892,  Vol.  LIII,  p.  621,  an  apparatus 
for  washing  sand  from  filters  is  described,  which  is  something  like 
that  commonly  used  to-day.  It  was  developed  by  Messrs.  Hunter, 
Frazier,  and  Goodman,  and  consisted  of  a  series  of  nine  cast-iron 
hoppers  2  ft.  4  in.  square  and  2  ft.  2  in.  high,  with  an  ejector  in  the 
bottom  of  the  hopper.  The  hoppers  were  arranged  in  series,  the 
discharge  from  the  first  delivering  into  the  top  of  the  second  and 
so  on.  The  nozzles  used  were  |  in.  and  |  in.,  and  3  cu.  yd.  per  hour^ 
with  5  000  gal.  of  water  per  cubic  yard  of  sand,  was  given  as  the 
capacity  of  the  machine. 

Lawrence,  1895  and  1898. 

The  city  of  Lawrence,  Mass.,  used  a  machine  for  washing  the 
sand  from  its  filter  plant,  which  was  the  forerunner  of  the  present 
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accepted  type  of  sand  ejector.  This  was  suggested  to  the  late 
Mr.  A.  H.  Sahsbury,  superintendent,  by  ]\Ir.  Allen  Hazen,  who 
had  seen  a  similar  piece  of  apparatus  at  Hamburg,  Germany.  It 
is  descrilied  as  follows :  * 

"  The  bowls  of  the  machine  are  four  in  number  and  are  light 
sweepcastings  made  at  a  local  foundry.  The  sand  drops  to  the 
bottom  of  each  bowl  or  hopper  and  is  caught  by  an  inflowing 
horizontal  jet  and  carried  across  and  upward  through  a  3-in.  pipe 
into  the  next  bowl.  The  fitting  at  the  bottom  of  the  hopper  is  a 
standard  3-in.  cross,  with  a  plug  in  the  bottom  for  the  purpose  of 
cleaning.  Into  a  bushing  in  the  inlet  end  of  the  cross  is  placed  a 
1^  in.  pipe,  to  the  end  of  which  is  attached  a  removable  chilled- 
steel  nozzle  made  from  a  piece  of  hexagonal  rod.  The  nozzles 
in  use  have  i^-in.  jets,  although  other  sizes  have  been  tried.  At 
the  outlet  of  the  cross  there  is  screwed  a  special  3  by  2  in.  reducer, 
the  small  end  of  which  is  placed  within  the  cross  and  is  of  bell 
shape  in  order  to  readily  receive  the  mingled  water  and  sand. 
These  special  fittings,  which  wear  out  continually,  are  made  as 
reciuired  at  the  shop  of  the  water  department." 

"  The  washer  was  built  and  erected  early  in  1895,  and  was  first 
used  on  June  17.  The  cost  of  the  patterns,  castings,  piping, 
lumber,  and  labor  on  the  machine  was  about  $150,  and  that  of  the 
concrete  pavements  and  drains  about  $240,  while  the  labor  account 
of  the  department  for  setting  up,  etc.,  was  about  $150,  making 
a  total  cost  of  $540." 

''  In  an  endeavor  to  find  a  more  economical  way  of  getting  the 
sand  to  these  washers  than  the  method  then  in  use  (i.  e.,  wheel- 
barrow work),  one  of  the  writers  experimented  with  different 
arrangements  for  transporting  the  sand,  and,  in  a  short  time, 
devised  the  following  method,  which  was  adopted.  A  traveling 
hopper,  mounted  u])on  a  light  frame  of  piping  and  placed  at  will 
wherever  diity  sand  is  dumjied,  is  fed  from  a  2-in.  pipe  from  the 
main  supply.  Sand  thrown  into  the  hopper  is  carried  l^y  the 
entering  water  into  and  through  a  connecting  length  of  3-in.  pipe 
to  the  main  washer,  where  it  is  raised  about  5  ft.  into  the  first 
hopper  of  the  machine.  The  nozzle  of  the  traveling  hopper  is 
^  in.  in  diameter.  The  3-in.  pipe  line  varies  in  length  from  time 
to  time,  and  is  made  of  running  lengths  of  pipe  connected  in  such 
lengths  as  are  necessary  for  a  distance." 

''  This  method  has  been  in  use  since  July,  1898,  and  has  never 
failed  carrN'ing  the  sand  to  th(^  washer  from  the  most  distant  point 
recjuired,  about  200  ft.,  which  is  the  maximum  distance  tried  up 
to  the  present  time.     It  appears  that  the  sand  has  not  only  been 

*  Trans.  Am.  Soc.  C.  E.,  Vol.  XLVI,  p.  293. 
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washed  more  thoroughly  since  using  this  apparatus,  due  probably 
to  a  more  complete  mixing  and  scouring  in  the  pipe  line,  but,  also, 
there  has  been  no  apparent  increase  in  the  amount  of  water  used, 
and,  moreover,  there  has  been  a  material  reduction  in  the  cost  per 
yard.  The  ordinary  water  pressure  at  the  machine,  with  every- 
thing running,  is  63  lb.  and  at  the  hopper  56  lb." 

It  will  be  noted  that  the  jets  were  horizontal  in  these  washers 
and  ejectors,  thus  differing  from  the  practice  at  Hamburg  and 
London. 

Poughkeepsie,  1897. 

This  method  of  transportation  seems  to  have  been  used  previ- 
ously (1897)  by  Mr.  Charles  E.  Fowler,  at  Poughkeepsie,  N.  Y., 
who  had  successfully  lifted  sand  30  ft.  and  transported  it  630  ft. 
through  4-in.  cast-iron  pipe.* 

Albany,  1897. 

The  filtration  works  for  Albany,  N.  Y.,  were  designed  in  1897-8, 
and  provided  for  a  sand-washing  machine  somewhat  similar  to 
that  then  in  use  at  Lawrence,  but  having  vertical  jets  as  at  Ham- 
burg and  which  is  described  and  illustrated  in  Transactions  of 
the  American  Society  of  Civil  Engineers,  Vol.  XLIH,  p.  272.  It 
consisted  of  five  cast-iron  hoppers  arranged  with  vertical  ejectors. 
The  sand  passed  through  each  of  the  hoppers  in  succession,  receiv- 
ing an  increment  of  clean  water  in  each  one,  and  discharging  the 
dirty  water  over  a  depressed  lip  in  each  hopper  to  a  drain.  As 
far  as  the  writers  know,  this  is  the  only  use  of  vertical  jets  in  this 
country.  An  ejector  has  been  used  here  since  1900  for  trans- 
porting sand  from  piles  to  washer  with  great  success. 

Students  of  sand  filtration  in  considering  the  various  elements  of 
cost  entering  into  the  operation  of  filters,  have  been  impressed 
with  the  advantages  which  the  use  of  ejectors  for  carrying  the 
dirty  sand  from  filters  to  the  washers  offered,  and  in  the  discussion 
of  this  paper,  several  suggested  improvements  along  this  line 
were  made,  many  of  which  have  since  been  adopted. 


*  Trans.  Am.  Soc.  C.  E.,  Vol.  LIII,  p.  250. 
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Pittsburg,  1900. 

Along  the  same  line,  we  find  that  in  the  designs  for  the  Pitts- 
burg Filtration  Works  of  1899-1901,  by  Mr.  Allen  Hazen,  pro- 
vision was  made  for  the  use  of  movable  ejector  hoppers  in  the 
filters  and  a  system  of  pressure  piping,  hose  and  discharge  piping, 
for  the  purpose  of  discharging  to  washers  and  from  these  into  ele- 
vated wooden  bins,  from  which  it  would  be  withdrawn  to  resand 
the  filters. 

This  system  was  described  and  illustrated  in  Engineering  News, 
February  13,  1902. 

Philadelphia,  1901. 

The  Philadelphia  Filtration  Works  were  also  designed  about  this 
time,  and  they  provided  for  transportation  of  the  dirty  sand  by 
ejector  hoppers. 

Some  experiments  were  made  to  determine  the  best  proportions 
of  the  apparatus,  and  the  installation  was  designed  on  the  basis  of 
the  results  obtained.  The  results  of  these  experiments  were  pub- 
lished in  Transactions  of  the  American  Society  of  Civil  Engineers, 
Vol.  LVH,  p.  386,  and  the  first  apparatus  used  is  described  in 
Engineering  Record,  Vol.  XLVIII,  p.  426,  for  October  10,  1903. 
Two  cuts  in  this  article  show  the  portable  ejector  and  washer 
designed  for  the  Belmont  filters.  This  washer  was  stated  to  have 
a  capacity  of  6.7  cu.  yd.  of  sand  per  hour  and  to  use  1,010  gal.  per 
cu.  yd.  of  sand,  at  a  pressure  of  60  lb.  per  square  inch.  Some  ex- 
periments also  were  made  at  the  Spring  Garden  Testing  Station 
with  an  ejector  for  carrying  washed  sand  back  to  the  filter,  but 
this  was  found  to  be  unsatisfactory  for  various  reasons  and  was 
abandoned. 

Washington,  1902. 

The  success  which  had  been  attained  by  the  use  of  this  method 
of  transportation  induced  the  designers  of  the  Washington  filter 
plant  to  give  it  careful  consideration  and  to  experiment  with 
various  combinations,  in  an  endeavor  to  find  the  most  efficient 
apparatus. 

These  experiments  are  described  and  illustratetl  in  th(>  Trans- 
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actions  of  the  American  Society  of  Civil  Engineers,  Vol.  LVII,  p. 
340,  and  the  sand-carrjdng  system  was  based  upon  their  results. 
The  ejector  and  washer  used  are  shown  upon  pages  337  and  339 
of  that  article.  A  3-in.  line  of  hose  about  100  ft.  long  carries  the 
discharge  from  movable  ejectors  to  a  4-in.  wrought-iron  line  along 
the  walls  of  the  filter  and  thus  to  the  sand  washers  in  the  court. 
A  similar  method  was  also  adopted  at  the  Milford,  Mass.,  New 
Haven,  Conn.,  Providence,  R.  I.,  Peading,  Pa.,  and  Pittsburg,  Pa., 
filters  (1901)  and  also  at  a  number  of  the  smaller  plants  throughout 
the  country. 

It  was  found  to  have  a  distinct  advantage,  in  that  the  sand  was 
cleaned  during  its  passage  through  the  pipe  and  thus  the  number  of 
hoppers  required  at  the  washing  machine  was  diminished,  with  a 
consequent  saving  of  wash  water.  Thus  at  Washington  two  hop- 
pers were  used  at  the  machine,  while  at  Pittsburg  only  one  was 
required.  At  Pittsburg  and  New  Haven,  the  washer  ejector  also 
serves  to  carry  the  sand  back  to  a  filter  which  is  being  resanded. 
A  similar  but  modified  form-  has  recently  been  used  at  Washington, 
providing  also  for  distributing  the  sand  in  water  on  the  filter  sur- 
face. 

Pittsburg  Experiments,  1905-6. 

In  the  design  of  the  sand-handling  system  for  the  first  46 
filters  for  Pittsburg,  the  results  of  the  Philadelphia  experiments 
were  available,  and  it  was  planned  to  make  some  additional  ones 
along  the  same  lines.  These  were  carried  out  in  the  Avinter  of 
1905-6,  and  are  summarized  in  Table  1.  The  f-in.  nozzle  with 
If -in.  throat  8  in.  long  gave  the  best  results  for  3-in.  pipe  350  ft. 
long,  and  the  |-in.  nozzle  with  If-in.  throat  12-in.  long  gave  best 
results  with  the  4-in.  pipe  600  ft.  long.  On  the  basis  of  the 
above,  the  throats  for  the  plant  were  ordered,  as  shown  in  Fig.  2, 
marked  "  S."  Some  tests  were  also  made  with  hose,  both  lajdng 
out  in  lines  and  wrapped  about  a  reel  about  6  ft.  in  diameter.  It 
was  found  that  for  the  ordinary  lengths  used  in  filters,  the  increase 
of  friction  was  not  material. 

When  the  results  of  the  Washington  experiments  were  published 
and  the  good  effects  of  enlarging  the  throat  in  a  Venturi  fashion 
were  realized,  a  further  series  of  tests   were  decided  upon.     At 


KNOWLES   AND    RICE. 


89 


this  time,  the  use  of  rifled  pipe  for  conveying  oil  was  brought  to 
our  attention  and  the  lessened  frictional  resistances  encountered 
in  this  work   seemed  promising  for  mingled  sand   and   water. 


TABLE  1. 

Results  of  Sand  Ejector  Experiments. 

1905-6. 

A. —  3-in.  hose  and  3-in.  pipe. 
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do 

17 

8 
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do 

18 

6 
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10.91   870  18.8 

do 

19 
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do 

24 
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do 

20 

4 
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23 

10.91   870!  18.8 
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21 

3 
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21 
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do 

22 
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19 
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do 

23 

1 

100 

19 

7.13  1  240 

14.0 

do 

25 

14 

100 
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6.31j  1  340 

13.1 

I  600  ft.  of  pipe  plus 
\    30  ft.  of  hose.  . 

[ 

26 

J, 

,^ 

100 

28 

6.80  1  390 

12.7 

do 

27 

12 

100 

27 

6.20  1  520 

11.7 

do 

28 

M 

100 

27 
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11.6 

do 

29 
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25 
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10.2 

do 

30 

8 

100 

25 
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do 

40 
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23 

70 

21 

4.13i  1  890  9.6 

do 

39 

y  J 

80 

23 

4.92 

1  080  10.7 

do 

38 

f  J 

90 

26 
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1  48.-V  12.0 

do 

36 

7) 

100 

27 

7.20 

1  300  13.4 

do 

41 

J  J 

100 

27 
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11.9 

do 

37 

}9 

120 

27 

7.12;  1  390 

12.7 

do 

31 

11 

10 

100 

31 

6.42  1  720 
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do 

32 

100 

30 

5.00!  2  160 

8.5 

do 

33 

i 

120  35 

5.07  3  080 

,  6.1 

do 

34 

U  i  23 

100  30 

6.3 1|  1  700 

10.6 

do 

35 

» 

120 

35 

6.00 

1830 

9.3 

do 
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TABLE  \.— Continued. 

Results  of  Sand  Ejector  Experiments. 

1905-6. 

B. —  S  in.  hose  and  4-in.  pipe. 


0 

Pressures. 

a!  S 

E2 

.a  Is 

5^  • 

0^ 

ra  2 

a-^ 
0  =5 

Remarks. 

x'Z, 

W 

c3  o 

5^ 

.2^ 

52 

0 

P 

30. 
0 

U 

(^0 

In. 

In. 

In. 

In. 

42 

1 

If 

23 

If 

97 

30 

10.90 

1510 

11.8 

i  516  ft.  of  pipe  plus 
]  30  ft.  of  hose. 

43 

97 

30 
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do 

44 

U 

10 

95 

27 

14.68 

1  150 

14.9 

do 

45 

95 

27 
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do 

46 

12 

95 

25 

9.00 

1770 

10.2 

do 

47 

5 

95 

27 

8.88 

1550 

11.5 

do 

48 

10 

100 

27 

11.24 

1000 

16.8 

do 

49 

9 

100 

25 

12.00 

980 

17.1 

do 

50 

8 

100 

25 

13.33 

870 

18.8 

do 

51 

7 

100 

25 

12.40 
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22  2 

do 

52 

6 

100 

25 

11.42 

1010 

16.7 

do 

53 

" 

100 

25 

11.62 
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17.0 

do 

54 

'5 

100 

25 

9.10 

1280 

13.6 

do 

55 

4 
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25 

11.62 

1  170 

14.8 

do 

56 

15 
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25 

12.83 

980 

17.1 

do 

57 

13 
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25 

14.70 
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do 

58 

11 

100 

25 

14.80 
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16.8 

do 

59 

9 

100 

25 

11.42 

1020 

16.5 

do 

60 

15 

90 

;25 

11.06 

1500 

11.9 

do 

61 

13 

90 

25 

10.28 

1636 

11.0 

do 

62 

11 

90 

25 

10.91 

1540 

11.6 

do 

63 

,, 

9 

90 

25 

9.47 

1740 

10.4 

do 

Therefore  arrangements  for  making  tests  were  made,  the  necessary 
apparatus  secured,  and  a  site,  Brilhant  Pumping  Station,  was 
selected,  because  of  the  water  and  sand  being  readily  available.  It 
is  this  set  of  experiments  that  this  paper  will  present  in  detail. 

Pittsburg  Experiments,  1907-8. 

The  equipment  consisted  of  the  following  apparatus  arranged  as 
shown  on  Fig.  1  and  Plate  I. 

First.  A  standard  cast-iron  hopper  and  bottom  used  in  sand 
washers  at  the  filtration  works.  This  is  made  in  the  form  of  a 
frustum  of  a  pyramid;  it  is  5  ft.  square  on  top  and  terminates  in  a. 


I'LATE   1. 

N.    E.    W  .    W.    ASSOCIATION, 

M  \l:(   II,    1911. 

KN(l\Vl.l;s    AM)    HUE   OX 

SAND    E.IECTOUS. 


FlO.     1. 


Fi(i.  2. 

ViKWS    OK    KXI'KKIMKNTAI^    SaND    KjKCTOK,    AT    Hui  1,1,1  ANT 

TiiMPiNO  Station. 
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12-in.  diameter  opening,  having  a  flange  for  attaching  the  bottom 
piece.  The  bottom  piece  has  openings  for  the  nozzle  and  throat 
pieces,  an  opening  for  a  water  jet,  and  a  hand  hole  for  adjusting 
the  nozzle  and  throat. 

Second.  A  set  of  4  nozzles,  having  openings  varying  from  |  in. 
to  1  in.     These  were  made  of  brass. 

Third.  A  set  of  18  throats  having  various  dimensions,  as  shown 
in  Fig.  2;  all  made  of  tool  steel. 

Fourth.  A  measuring  box  of  wood,  carried  by  the  hopper  walls 
and  provided  with  a  slide  in  the  bottom  to  drop  the  contents  into 
the  hopper.  This  box,  when  leveled  off  flush  with  the  top,  con- 
tained 1  cu.  yd. 

Fifth.  A  short  piece  of  3|-in.  internal  diameter,  flexible  hose, 
provided  with  couplings  on  each  end  to  connect  with  the  pipe. 

Sixth.  Approximately  400  ft.  each  of  3-in.  plain,  3-in.  rifled, 
4-in.  plain,  and  4-in.  rifled  pipe,  as  shown  in  Fig.  1.  The  rifled 
pipe  was  secured  through  the  courtesj^  of  Mr.  Taylor  Alderdice, 
vice-president  of  the  National  Tube  Company,  and  Mr.  J.  B. 
Isaacs,  consulting  engineer,  Union  Pacific  System,  Southern 
Pacific  Company,  who  is  the  patentee  of  the  rifled  pipe. 

Seventh.  Various  gages  for  reading  pressures  and  glass  cylinders 
to  observe  transportation  effect  of  mixed  water  and  sand  in  pipe. 

The  water  was  supplied  to  the  hopper  from  a  3-in.  cast-iron  pipe, 
connected  directly  to  the  force  main  from  the  station,  and,  after 
passing  through  a  meter,  its  pressure  was  controlled  by  a  3-in. 
valve. 

Sand  was  secured  from  a  bin  alongside  the  hopper  and  the  ejected 
sand  was  returned  to  this  bin,  as  shown.  The  water  was  drained 
off  through  the  bottom  and  sides  of  the  bin. 

The  pressure  on  the  nozzle  could  be  varied  from  60  to  120  lb. 
by  manipulating  the  3-in.  valve,  and  the  pressures  or  heads  at 
various  points  were  determined  by  pressure  gages,  all  carefully 
calibrated. 

The  effective  size  of  sand  was  0.24  mm.,  having  a  uniformity 
coefficient  of  2.12. 

The  Venturi  throats  were  made  in  three  slopes,  —  1  to  11, 
1  to  8,  and  1  to  4.6,  designated  as  Nos.  1,  2,  and  3,  respectively; 
with   various   internal   diameters,    varying  by  |  in.    from    1|  in. 
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to  If  in.  For  the  If-in.  diameter,  Xo.  4  is  identical  with  Xo.  3, 
except  that  the  length  of  the  reduced  sections  is  shortened  2|  in., 
which  difference  slightly  increases  the  efficiency. 

The  wooden  box  was  filled  with  sand  leveled  off  and  then, 
when  the  jet  had  been  adjusted  to  give  the  desired  pressure,  a 
slide  in  the  bottom  of  the  box  permitted  the  sand  to  be  dropped 
into  the  hopper. 

During  the  early  experiments,  no  attempt  was  made  to  break 
up  the  arching  of  the  sand  which  was  always  more  or  less  trouble- 
some and  which  gives  results  below  the  average  to  about  the  first 
two  hundred  experiments.  About  three  hundred  experiments,  in- 
cluding the  above  two  hundred,  were  run,  using  the  lower  spray^ 
and  regulating  it  so  that  the  level  of  water  remained  constant  in 
the  hopper  and  about  15  in.  below  its  top  before  any  sand  was 
dropped;  this  is  designated  as  "  Method  A."  Tests  were  then 
made  without  anj'  spray  whatever  after  the  sand  was  started,  one 
hundred  gallons  being  estimated  in  each  case  for  the  fall  of  water 
in  the  hopper;  this  is  designated  as  "  Method  B."  The  five 
hundred  runs  using  this  method  form  the  bulk  of  the  data  from 
which  conclusions  can  be  drawn,  but  are  all  subject  to  some  little 
uncertainty  as  to  the  exact  amount  of  water  used.  After  selecting 
the  most  efficient  combination  of  apparatus  a  third  method  was 
used,  viz.,  an  open  spray  introduced  from  above  was  tried  and  still 
better  results  were  obtained  thereby:  this  is  designated  as 
"  Method  C." 

Of  these,  81  tests  were  run  in  order  to  obtain  the  frictional  loss 
with  water  alone  flowing  in  3-in.  and  4-in.  pipe  at  various  velocities; 
also,  the  relative  efficiency  of  the  Venturi-shaped  throat  and  the 
throat  of  straight  bore,  under  maximum  efficiency  conditions, 
as  determined  by  previous  experiments;  and  various  comparisons 
of  nozzle  pressure  and  fa('(>-to-face  distances,  in  order  to  complete 
certain  curves  for  which  data  were  lacking.  The  check  runs  were 
made,  following  the  second  method  described  above,  except  that 
the  exact  quantity  of  water  used  from  the  hopper  was  determined 
from  measurements  of  height  at  the  start  and  finish  of  the  How  of 
sand.  Since  the  early  tests  had  shown  that  the  hopper  screen 
(needed  in  case  of  stones  being  in  the  sand,  only),  caused  decided 
interference  in  the  flow  of  sand,  by  aiding  the  arching;  no  screen 
was  used  during  the  later  runs. 
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For  the  purpose  of  comparison,  parallel  sets  of  experiments  were 
made  on  both  plain  and  rifled  pipe  of  3-in.  and  4-in.  diameter. 
The  plain  pipe  was  of  lap-welded  steel  in20-ft.  lengths,  with  cast-iron 
flanges  and  butt  joints.  The  rifled  pipe  was  made  by  the  National 
Tube  Company  at  McKeesport  and  was  similar  in  design  to  the 
rifled  pipe  used  in  the  transportation  of  crude  oil  in  California.* 
The  rolls  indented  the  pipe  ^  in.  and  were  at  a  pitch  of  1.5 
with  the  axis,  making  one  complete  turn  in  a  distance  of  about 


3"  Pipe,     J^'A/njpe       //' f  fy  f     Lower    Sprai/ 

Fig.  3. 
Throat  Efficiency  Curve.    (See  Note  on  Fig.  .5.) 


4  ft.,  and  5  ft.  in  the  3-in.  and  4-in.  pipes,  respectively.  It  was 
thought  that,  by  thus  giving  the  mixture  of  sand  and  water  a 
rotating  movement,  the  sand  would  be  better  held  in  suspension, 
and  trouble  from  stoppages,  at  low  velocities,  consequently  dimin- 
ished. As  a  matter  of  fact,  however,  the  effect  of  the  rifling  was 
hardly  noticeable,  the  full-bore  glass  cylinders,  provided  for 
observing  the  flow  in  the  discharge  line,  indicating  no  perceptible 
whirl  of  the  mixtures,  even  at  velocities  as  high  as  14  ft.  per  sec. 

*  See  Engineering  News,  Vol.  LV,  p.  640. 
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On  account  of  the  variable  results  which  showed  sometimes  in 
favor  of  one,  sometimes  the  other,  both  have  been  plotted  and  the 
mean  values  used  in  obtaining  the  average  efficiency  curves,  ex- 
cept that  for  the  friction  diagrams  the  average  curves  have  been 
drawn  separately,  and  here  slightly  greater  frictional  loss  is  shown 
in  the  rifled  pipe  both  for  water  alone  flowing  and  for  the  various 
mixtures  of  sand  and  water.  Considering  the  fluctuations  of  re- 
sults this  difference  is  too  small  to  warrant  a  claim  of  material 
advantage  for  either  the  rifled  or  the  plain  pipe.  Nine  hundred 
and  ninety-four  runs  were  made  in  the  period  from  November  21, 
1907,  to  March  14,  1908,  and  about  10  per  cent,  of  these  have 
been  eliminated  on  account  of  exceptionally  high  or  low  efficiencies 
which  could  not  be  duplicated.  The  remainder  have  been  com- 
puted, tabulated,  and  the  results  are  summarized  in  the  following 
diagrams. 

The  results  of  typical  tests  on  3-in.  pipe  are  given  on  Figs.  3  and 
4,  and  show  that  the  maximum  efficiency  is  given  by  a  |-in. 
nozzle,  B-1  throat,  Ij-in.  diameter,  batter  =  1  to  11,  distance 
f.  to  f.  =  If  in.,  nozzle  pressure  100  lb.  With  this  combination, 
an  average  of  six  runs  gives  a  rate  of  19  cu.  yd.  of  sand  transported 
per  hour,  using  water  at  the  rate  of  600  gal.  per  cu.  yd.  By  sub- 
stituting C-1  throat,  diameter  —  If  in.,  approximately  the  same 
result  is  obtained,  but  with  D-1  throat,  l|-in.  diameter,  slightly  less 
sand  is  carried  per  hour;  showing  that  the  efficiency  is  not  dimin- 
ished by  wear,  until  the  l^-in.  throat  is  somewhat  larger  than  If  in. 

For  the  4-in.  pipe,  the  typical  results  are  given  on  Fig.  5,  which 
shows  the  maximum  efficiency  is  given  by  using  a  |-in.  nozzle, 
D-1  throat,  1|  in.  diameter,  batter  =  1  to  11,  distance  f.  to  f.  = 
2-in.,  nozzle  pressure  100  lb.  With  this  combination,  an  average 
of  four  runs  gives  a  rate  of  31.4  cu.  yd.  of  sand  transported  per 
hour,  using  water  at  rate  of  460  gal  per  cu.  yd.  Throat  E-1, 
If  in.  diameter,  gives  approximately  the  same  results,  show- 
ing that  the  efficiency  is  not  diminished  by  wear  until  the  diameter 
of  throat  is  somewhat  larger  than  If  in.  It  is  readily  seen  that 
the  efficiency  of  the  4-in.  pipe  is  relatively  greater  than  the  3-in. 
pipe. 

The  enlargement  of  the  throats  by  wear  is  quite  marked,  the 
maximum  being  an  increase  in  diameter  of  j  in.  for  the  150  cu.  yd. 
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of  sand  ejected,  or  0.0017  in.  for  each  cubic  yard.  It  is  evident 
that  an  attempt  should  be  made  to  secure  a  more  economical 
material  or  form  for  throats. 

The  economical  distance  from  face  of  nozzle  to  face  of  the 
throats  is  in  all  cases  If  in.  for  3-in.  pipe  and  |-in.  nozzle,  and  2  in. 


+  tnt^/co^es  P/afh  Pipe 

»      cfo        Rif/edP/pe 

i      c/a      li'£hfarx<:ffof/^oj}/rSThroa^ 

O      e/o.    /}'_  t/o 

0      do     Zi\  do- 

a     c/o     2-s  do 


P/aurvs  <7^  po//?/s  /nd/cff/c  Pressures  /h  /As. 
per  s^utjre  //?c/fj  c?/  tvA/c/?  //^  correspond/'np 
exper//nen/s    were  rcyr7- 

/v^ures  af  curye  />o//?/s  /nd/ca/e  y-6*  nu/n^9 
or  exper/me/?As   of  iv/7/cA  /Ae  po//7^s 
repr'cse/?^  //le  arera^e  resuZ/Sj  o^d  //re 
pressures  //7  /J>s  per  s^  //?c/f  <3/'  tvA/cA  ^hc 
efperZ/nen/s  wert^  run 


'Throat  Efficiency  cur/es 

4'PiPC  i'Nozzit 
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for  4-in.  pipe  and  |-in.  nozzle,  and  it  is  essential  that  the  faces  be 
centered  with  each  other,  that  is,  at  equal  distances  from  center 
line  of  hopper.  One  hundred  pounds  pressure  at  the  nozzles 
is  indicated  as  being  the  most  economical;  above  this  pressure 
the  relative  increase  in  efficiency  is  small,  for  the  3-in.  pipe  being 
ahnost  a  horizontal  line  after  passing  this  point.  Both  of  these 
statements  are  evident  from  the  complete  tables  and  diagrams, 
which  have  been  placed  on  file  in  the  Library  of  the  Association. 


■fr^GG/  -^^^  ^4/     ■^y^s-S^j'^  i//  efOJff 
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Fig.  6. 

The  straight  throats,  S-1  and  S-2,  were  similar  to  those  experi- 
mented with  in  1905-6,  and  the  maximum  results  were  obtained 
with  100-lb.  nozzle  pressure,  750  gal.  per  cu.  yd.  and  14.4  cu.  yd. 
per  hour,  or  about  25  per  cent,  less  efficient  than  the  battered 
throat.  These  latter  results,  however,  seem  to  exhibit  greater 
efficiency  than  the  earlier  experiments. 

The  friction  curves  plotted  on  Figs.  6  to  9  show  the  drop  in 
pressure  per  100  ft.  of  pipe,  for  various  percentages  of  sand  and 
water  and  for  water  alone  flowing.    Since  the  curves  were  plotted 
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USE    OF   WATER    EJECTOR    FOR    TRANSPORTING    SAND. 


from  the  drop  in  the  total  discharge  line,  without  considering  the 
rise  of  0.55  ft.  for  the  first  200  ft.  and  the  equal  fall  for  the  return 
200  ft.  to  the  sand  bin,  they  represent  the  values  for  horizontal 
pipe.  For  the  3-in.  pipe  and  flow  at  19  ft.  per  sec,  the  loss  for  a 
half  per  cent,  upgrade  is  14  per  cent,  greater  and  for  a  half  per 
cent,  downgrade  is  14  per  cent.  less.  The  average  loss  of  head  at 
the  3-in.,  180-degree  hose  bend,  about  8  ft.  long,  is  for  3-in.  pipe 
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about  1  lb.  and  for  4-in.  pipe  about  2|  lb.,  which  shows  the  marked 
effect  of  the  sudden  contraction  of  section  and  increased  velocity 
in  the  3-in.  hose  when  connecting  4-in.  pipe. 

The  temperature  observations  upon  the  sand  and  water  indicate 
a  very  slight  advantage  for  the  sand  at  the  higher  temperature,  but 
the  lessened  efficiency  is  not  well  marked  until  the  temperature 


TABLE  No.  2. 
Resitlts  of  Sand  Ejector  Experiments  in  1907-8. 


O  0) 


O  J 

N   O 

o 

2h 

Z 

"■H 

(-fe- 

o 

03 

13 

Q 

G 

gQ 


In 


In. 
11 
li 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
2 
2 
2 
2i 
2i 
2i 
2f 
2 
2 
2 
If 
If, 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 
If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 

If 


B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

D.l 

D.l 

D.l 

D.l' 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

D.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 

«.l 

B.l 

B.l 

B.l 

B.l 

B.l 

B.l 


Discharge 
Line. 


Time. 


Size.  Length.'  Min. 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

4091 

409! 

4091 

409! 

409 1 

409, 

409 1 

409 

409 

409 

409 

409 

409 1 

409j 

409! 

409 

409 

409 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424 

424' 

424 

424' 

424 

424 

424 

424 


Sec. 


5 

4 
3 

8 

6 

4 

10 

6! 
5 
5 
11 
6 
6 
5 
4 
3 
31 
2; 
2: 
2| 
1 
1 
2 
li 
1 
1 

2; 

2 

1 

3 

2 

2 

1 

3 

3 

2| 

6 

4 

4 

3 

2 

3I 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

4 

2 

2 

5 

5 

5 

5 

5 


20 
50 
40 
50 
40 
50 
00 
00 
50 
30 
00 
20 
40 
10 
20 
30 
30 
10 
50 
40 
20 
50 
40 
40 
50 
40, 
30 
11 
04 
58 
07 
20 

lOi 
00 
15 
00 
50 
30 
35 
08 
25 
56 
20 
00 
00 
05 
14 
07 
10 
50 
07 
02 
00 
00 
58 

57 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

29 

27 

15 

37 

17 

03 

05 


1310 
1220 
1  180 
1010 
1  100 
1  070 

670 

970 

810 

700 

760 
1  080 

890 
1000 

770 

700 

610 

550 

560 

550 

410 

370 

340 

470 

370 

350 

340 

530 

510 

510 

460 

350 

340 

320 

510 

500 
480 

570 

450 

440 

370 

340 

520 

470 

510 

490 

520 

500 

520 

460 

520 

520 

480 

700 

490 

480 

900 

870 

860 

810 

770 

710 

670 

590 

510 

960 

020 

050 

430 

510 

520 

570- 

530  B 

620  B 

520  B 


l^ 


206 
244 
297 
317 
150 
186 
218 
117 
148 
164 
192 
113 
164 
195 
182 
200 
260 
269 
305 
319 
306 
367 
385 
290 
367 
391 
428 
382 
393 
413 
244 
280 
296 
324 
25 
267 
277 
134 
164 
180 
196 
219 
247 
257 
271 
225 
224 
225 
228 
268 
264 
238 
223 
226 
233 
231 
180 
174 
172 
162 
154 
142 
132 
118! 
102i 
192 
204 
210I 
163! 
149 
138! 
137; 
139 
136 
142 


13.4 

14.2 

14.6 

16.7 

15.5 

15.9 

23.2 

17.2! 

20.01 

22.4 

2L0 

15.8 

18.5; 

16.81 

20.8 

22.4 

22.2 

23.7 

23.5 

23.7 

28.4 

30.1 

31.5 

26.2 

30.1 

31.0 

31.5 

24.3 

24.9 

24.9 

26.5 

31.0 

31.5 

32.5 

24.9 

25.2 

25.8 

23.2 

26.9 

27.3 

30.1 

31.5 

24.6 

26.2 

24.9 

29.2 

28.0 

28.8 

28.0 

26.5 

24.6 

28.0 

29.7 

22.4 

29.2 

29.6 


Pressure. 


Noz. 


Dis. 
Line. 


27.6 
24.9 
28.0 
26.2 
27.6 
24.6 
28.0 


60 
80 
100 
110 
60 
80 
100 
60 
80 
100 
110 
60 
80  i 
lOOj 
100; 
110 
60 
801 
80 1 
100 
80 
100 
110 
80 
100 
110 
115 
80 ! 
90i 
100 
80 
100! 
110,: 
120 
100 
110 
120 
80 
100 
110 
120 
130 
100 
100 
119 
100 
100 
100 
100 
110 
110 
110 
110 
110 
110 
110 
60 
55 
50 
45 
40 
35 
30 
25 
20 
65! 
70 
75 
100 
100 
100 
100 
100 
100 
100 


.0  O, 
o  ■ 


8.2 
10.3 
12.8 
15.7 
6.9 
8.8 
15.0 
6.0 
8.8 
10.9 
12.0 
5.3 
9.0 
9.7 
22'  11.2 
25  13.3 


17.1 
18.9 
21.2 
22.5 
25.8 
32.8 
36.0 
22.5 
32.8 
26  36.0 
26  40.0 
23  27.5 
23|  28.9 
26!  30.4 
22  19.1 

25  25.8 

26  27.7 
25  31.3 
28  18.5 
30  20.0 
38|  21.2 
20  9.2 
25  13.1 
28!  14.5 
28  17.5 
30  20.5 
28l  18.0 
28!  20.0 
30  20.0 

28  19.5 
28;  18.6 
28l  19.3 
28!  18.9 
29I  21.2 
28!  19.2 
30,  19.8 
30  20.0 
30  15.0 
30  20.2 

29  20.3 
17 
16 
15 
14 
12 
11 

9 

7 

6 
19 
20 
22 
23  13.4 
26  11.0 
25  11.4 
25  10.7 
25  11.4 
25  9.9 
25  11.8 


9.0 
10.6 
12.9 

13.8 
6.5 
8.1 
9.5 
5.1 
6.4 
7.1 
8.4 
4.9 
7.1 
8.5 
7.9 
8.7' 
6.5 
6.8 
7.7, 
8.0! 
7.7; 
9.2 
9.7 
7.3 
9.3 
9.9 

10.8 
9.6 
9.9! 

10.4! 
6.2 
7.0 
7.4' 
8.2 

10.9i 

11.6 

12.0 
5.8 
7.1 
7.8! 
8.5 
9.5 

10.7 

11.2 

11.8 
9.8 

9.7 

9.8 

9.9! 

11.6 

11.5 

10.4 

9.7 

9.8 
10.1 
10.0 

7.8i 

7.6 

7.5 

7.0 

6.7 

6.2 

5.7 

5.1 

4.5 

8.4 

8.9 

9.1! 

7.1 

6.5 

6.0 

6.0 

6.0 

5.9 

6.2 


3.5 
5.2 
6.4 
7.3 
3.1 
3.5 
5.9 
3.5 
4.2 
4.2 
4.7 
4.2 
4.7 
5.7 
5.2 
5.9 

'  4.4 
4.2 
4.7 
5.6 
5.9 
6.6 
5.6 
6.6 
6.4 
6.4 
5.6 
5.6 
6.4 
5.4 
6.1 
6.4 
6.1 
6.6 
7.1 
9.0 
4.7 
5.9 
6.6 
6.6 
7.1 
6.6 
6.6 
7.1 
6.6 
0.6 

6.6 

6.6 

6.8 

6.6 

7.1 

7.1 

7.1 

7.1 

6.8 

4.0 

3.8 

3.5 

3.3 

3.0 

2.6 

2.1 

1.6 

1.4 

4.5 

4.7 

5.2 

5.4 

6.1 

5.9 

5.9 

5.9 

5.9 

5.9 


TABLE   No.  2.  —  Continued. 


896 

897 

898 
899 
900 
901 
903 
904 
905 
906 
907 
909 
911 
912 
913 


.2  "5 
o'o 


In. 


In. 


B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 
B.l 


Discharge 
Line. 


Size. 


Length. 


424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 
424 


Time. 


Min. 


Sec. 


42 

490 

58 

520 

55 

520 

55 

520 

50 

500 

12 

550 

58 

410 

06 

440 

13 

470 

55 

420 

28 

480 

00 

1010 

02 

510 

20 

510 

10 

480 

<«  S3 

O 


168 
167 
147 
147 
145 
145 
179 
157 
159 
159 
153 
82 
177 
164 
164 


Pressure. 


Noz. 


25.5 
24.6 
28.0 
28.0 
28.8 
26.9 
28.4 
31.5 
30.1 
32.5 
29.6 
15.4 
28.4 
28.4 
29.6 


110 
110 
110 
110 
110 
110 
120 
120 
120 
120 
120 
25 
100 
110 
120 


Dis. 
Line. 


12.8 
12.5 
12.2 
12.2 
12.4 
11.5 
15.1 
14.6 
14.2 
15.3 
13.4 
3.8 
14.9 
13.9 
14.4 


7.3 
7.3 
6.4 
6.4 
6.3 
6.3 
7.8 
6.8 
6.9 
6.9 
6.7 
3.6 
7.7 
7.1 
7.1 


go 
d  0^ 


5.9 
6.1 
1 5.9 
5.9 
5.9 
5.9 
6.1 
5.9 
6.1 
5.9 
6.1 
4.7 
5.9 
5.9 
6.1 


Explanatory  Notes  to  Accompany  Table  2. 
Length  of  Discharge  Line.  ,    ,     ,•       c         ^u    *  ♦  i  i„r,„n,  ,^f 

The  length  of  discharge  lines  used  for  all  computations  was  found  by  deducting  from  the  totallength  of 
lines;  first,  length  of  i  bend,  connecting  line  to  hopper  (7  ft.);  second,  length  of  hose  connectmg  bend  and  line 
(6  ft.).     Hence,  for  3-in.  Plain  Pipe.  L  =  437  ft.  —  (7  +  6)   =  424  ft. 

Description  of  Methods.  .         ,       ,  n       i t  i  k  ;„ 

A  The  hopper  was  filled  with  water  by  the  lower  spray  up  to  a  convenient  level,  usually  about  15  in. 
below  the  top  of  the  hopper.  Then  the  valve  on  the  supply  line  was  opened  to  the  required  nozzle  pressure 
and  at  the  same  time  the  discharge  of  the  lower  spray  was  so  adjusted  as  to  keep  the  water  m  the  hopper  at  its 
initial  level;  the  flow  of  sand  into  the  hopper  was  then  started.  At  first  this  causes  the  water  to  rise;  subse- 
quently, as  the  sand  was  being  drawn  off.  it  began  to  drop.  During  this  flow  of  sand  from  the  hopper  the  spray 
was  shut  off  at  such  a  time  as  to  have  the  water  at  its  initial  level  at  the  moment  the  last  sand  leaves  the 
hopper.  In  practice,  the  approximate  time  for  shutting  off  the  spray  was  found  to  be  the  mstant  all  of  the  one 
cubic  yard  of  sand  had  left  the  feeding  box. 

The  time  required  to  discharge  this  cubic  yard  of  sand  into  the  hopper  varied  to  quite  a  considerable  extent 
owing  to  two  factors;  first,  the  ability  of  the  two  men  pushing  the  sand  from  the  feeding  box  by  means  of 
flat  sticks;  second,  the  capacity  of  the  different  combinations  of  nozzles  and  throats  to  carry  off  the  sand,  as 
supplied.  Using  the  f-in.  nozzle,  for  instance,  the  sand  was  drawti  off  so  slowly  as  to  form  a  cone  in  the  hopper, 
the  apex  of  which  shut  off  the  feed  opening  completely  for  a  time.  .         „    ^  .    ,,  ,  _^„ 

This  difficulty  of  closely  approximating  the  theoretical  time  for  shutting  off  the  spray  is  the  cause  of  some 
error  in  the  quantities  of  water  used  per  cubic  yard  of  sand,  affecting  all  experiments  run  according  to  this 
method  to  a  greater  or  less  degree.     For,  when  the  final  level  is  above  the  initial  one,  less  water  is  used  than 
gaged,  more  than  gaged  being  used  when  the  water  closes  below  the  initial  lev-el. 
B.  Same  as  method  A,  except  that  spraying  water  is  introduced  from  above 

C  The  hopper  is  completely  filled  by  means  of  the  spray,  and  the  spray  then  shut  off.  Then  the  supply 
valve  is  opened  to  the  required  pressure,  whereupon  the  water  in  the  hopper  begins  to  drop  As  soon  as  it 
reaches  a  fevel  of  about  9  in.  below  the  top  of  the  hopper,  the  flow  of  sand  is  started  into  the  hopPer,  causing 
the  water  to  rise  at  first.    As  the  sand  is  being  drawn  off  faster  than  supplied,  and  more  so  after  all  the  sand  has 

nte^d  the  hopper,  the  water  level  drops  and  closes  at  from  12  in.  to  28  in.  below  top  of  hopper     To  determ.n 
the  quantity  of  water  used  per  cu.  yd.  of  sand.  100  gal.  is  added  to  the  amount  gaged,  as  an  allowance  for  the 
variable  amount  of  water  drawn  from  hopper. 

For  experiments  Nos.  914-994,  the  initial  and  final  levels  are  measured,  and  from  these  the  corresponding 
quantities  of  water  are  computed. 

Gallons  of  Mixture  per  Minute.  ,        .       j  .,         n„„o    -  C9n9  ,,^1  1  •   Hi- 

The  sum  of  the  water  per  cu.  yd.  in  gallons,  plus  1  cu.  yd.  of  sand,  reduced  to  gallons.  -  (202  gal.),  di 
vided  by  the  time  per  cu.  yd.  of  sand  carried  and  expressed  in  minutes. 

''^  oTe'cubKtd  of  sand  in  gallons  =  (202),  divided  by  the  sum  of.  1  cu.  yd.  of  sand  in  gallons  (202)  plus 
the  amount  of  water  in  gallons  used  per  cu.  yd.  of  sand. 

"^^  ThTsTaTLd  by  a  4-in.  pressure  gage,  placed  on  3-in.  supply  line  between  valve  and  hopper.     Care  was 
taken  to  keep  the  pressure  steady  during  the  flow  of  sand,  adjustments  being  necessary,  especially  when  turning 

^^^thettpralTyTote^L  for  the  complete   table,   of  which  the  above  figures  simply  refer  to  nozzles 
B.l  and  D.l.  the  complete  table  being  on  file  in  the  library  of  the  Association. 


KNOWLES   AND    RICE. 


103 


w 


Q 
.     < 

CO  m 


o 

Eh 
Q 


r1« 
U  a 


■<   00 

H  Q 


"  s  S 


as 

OS'S 

0^3 


TJH  00  --i 


S     =o 


00  O  0       0:0 

1-H  ,_(  f/j 


--H  O  (M 


i 


.9 


c    •    • 
d  a  a 


•3     .S     .S 

ni*        WIN        -<[« 


(N 

CO 

CO 

CO 

CO 

CO 

00 

I-H 

I— 1 

CO 
O 

Ci 

1-H 

CO 

00 
o 

C5 

o 

00 
o 

I-H 

i 

00 

o 

1-H 

J2 


03 


o3 


3 


> 
c3 


12;    ^    tf 


104  USE    OF   WATER   EJECTOR   FOR   TRANSPORTING   SAND. 

drops  below  the  freezing  point,  when  the  decrease  is  caused  by  the 
lumping  of  the  sand. 

Table  2  gives  the  details  of  the  experiments  with  the  combina- 
tions giving  maximum  results,  being  for  throats  B.l  and  D.I.* 

The  results  given  above,  together  with  the  other  published  data, 
give  an  idea  of  the  probable  performance  of  ejectors  under  similar 
conditions  which  are  close  to  the  ideal.  Such  results  cannot  be 
hoped  for  in  practice,  but  careful  designing  and  operation  will 
certainly  prove  economical  in  most  cases  on  account  of  the  lessened 
amount  of  water  used. 

Figures  compiled  from  representative  filter  plants  in  1908  are 
given  in  Table  3. 

The  portable  ejectors  and  washers,  designed  for  the  Pittsburg 
works,  are  shown  on  Fig.  10,  which  also  shows  the  design  adopted 
for  the  washers  for  the  last  10  filters  constructed  and  shows  how 
the  results  of  the  experiments  were  applied  to  the  actual  design. 
These  washers  have  not  been  put  in  operation  at  this  writing 
and  the  opportunity  of  comparing  the  actual  results  with  ex- 
perimental ones  has  not  been  given  us.  It  will  be  noted  that 
irrigators  or  jets,  for  breaking  up  the  sand,  are  used  in  all  designs; 
but  these  experiments  lead  us  to  conclude  that  while  some  form 
of  spray  is  desirable  to  break  up  the  arching  of  the  sand,  in  the 
ejector  this  can  preferably  be  introduced  from  the  top.  Further- 
more, that  the  irrigator  in  the  bottom  is  best  for  washers  only, 
as  the  flow  of  water  can  thus  be  adjusted  to  displace  the  dirty 
water  carrying  the  incoming  sand  and  cause  the  dirty  water  to 
flow  away  over  the  top  of  the  hopper. 

« 

CONCLUSIONS. 

For  any  given  installation  there  are  a  number  of  variables  to 
consider,  each  of  which  has  an  effect,  of  greater  or  less  moment,  on 
the  results.    A  typical  design  will  call  for,  — 

First.  Determination  of  size  of  sand.  The  transporting  power 
of  the  water  depends  upon  the  size  of  the  particles,  and  the  results 
given  above  would  not  apply  to  sand  of  greatly  different  effective 
size. 

*  Complete  tables  and  diagrams  of  all  results  showing  various  other  combinations  have  been 
placed  on  file  in  the  Library  of  the  Association,  where  persons  interested  may  refer  to  them. 
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Second.  Determination  of  quantity  to  be  handled  per  hour. 
This  is  governed  by  the  number  of  men  which  it  is  convenient  to 
use  per  ejector,  in  the  case  of  hand  scraping  of  filters,  and  may  be 
taken  as  10  cu.  yd.  per  hour  with  three  to  four  men.  In  the  case 
of  machine  scraping,  much  greater  quantities  are  possible,  due  to 
uniform  feeding  and  larger  ejectors. 

Third.  Determination  of  length  of  transportation.  This  is  a 
very  important  feature  and  is  one  upon  which  experimental  data 
are  lacking.  From  the  above  results,  however,  friction  losses  may 
be  obtained  and  thus  the  necessary  pressure  at  head  of  the  dis- 
charge main. 

Fourth.  Determination  of  available  pressure  at  nozzle.  The 
higher  pressures  give  better  results,  but  100  lb.  to  110  lb.  per  sq, 
in.  may  be  taken  as  the  limit,  except  in  special  cases  where 
higher  pressure  is  readily  available. 

With  these  data  it  will  be  possible  to  determine  the  size  of  nozzle 
and  pipe  and  length  of  pipe  possible,  after  determining  upon  the 
velocity  required  to  transport  the  given  material.  The  size  of 
throat  can  also  be  approximated  and  easily  determined  after  a 
few  tests.  For  conditions  similar  to  those  obtaining  during  the 
experiments  the  selection  of  sizes  is  a  comparatively  easy  matter, 
but  where  there  are  any  considerable  variations  from  these  con- 
ditions, further  experimental  work  may  be  necessary. 

Fifth.  These  experiments  and  our  studies  show  further  that 
rifled  pipe  has  no  advantage  over  ordinary  commercial  pipe. 

Sixth.  That  reasonable  hose  lengths  not  exceeding  200  ft.  are 
no  serious  determent,  if  of  smooth  bore,  lined  with  good  rubber  and 
without  serious  interruptions  to  flow  due  to  irregularities  at  the 
couplings. 

Seventh.  The  most  efficient  nozzle  and  throat  combinations  are 
I  in.  with  l\  in.  and  |  in.  with  U  in. 

Eighth.  That,  with  these  sizes  and  pressures  of  about  100  lb., 
the  minimum  velocity  was  about  5  ft.  per  sec.  and  this  carried  the 
sand  without  any  tendency  to  deposit  in  the  pipes. 

Ninth.  That,  at  this  velocity,  the  loss  of  head  is  about  50  ft. 
per  1,000  ft.  in  length  of  pipe,  which  of  course  increases  with  the 
velocity,  as  shown  on  the  diagrams. 

In  conclusion,  it  may  be  well  to  state  that  the  scope  of  the  experi- 
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ments  was  limited  to  the  particular  sizeis  given,  on  account  of  the 
necessity  of  adapting  the  throats  and  nozzles  to  the  then  existing 
hoppers  and  pipe  connections. 

DISCUSSION. 

Chester  F.  Drake,  Esq.*  At  Pittsburg  portable  ejectors  are 
being  used  for  the  removal  of  the  dirty  sand  from  the  filters  to 
the  washers  in  the  galleries.  Thence  the  sand  is  again  ejected 
through  the  piping  system  to  restoring  machines  placed  in  filters 
of  low  sand. 

Believing  that  the  practical  features  concerning  durability 
and  efficiency  of  the  materials  used  will  be  of  interest,  we  shall 
first  state  our  experience  along  those  lines. 

The  portable  ejectors  Avere  made  by  E.  M.  Nichols,  of  Phila- 
delphia. They  consist  of  a  cast-iron  bowl  surmounted  by  a  sheet- 
iron  petticoat. 

The  ejector  nozzle  is  of  hardened  tool  steel.  The  actual  wearing 
part  is  If  in.  long,  H  in.  outside  diameter  and  |  in.  bore. 

The  ejector  throat  is  of  chilled  cast  iron.  It  is  about  7  in.  long 
over  all.  The  inner  portion  is  a  Venturi  tube  with  the  smallest 
diameter,  If  in.  In  a  distance  of  5  in.  the  diameter  increases 
from  If  in.  to  2^  in.  The  bore  of  the  throat  is  not  finished,  as 
such  work  is  done  by  the  sand  passing  through. 

As  stated  by  the  author,  we  also  found  that  a  screen  promoted 
arching  and  greatly  decreased  the  quantity  of  sand  handled. 
The  laborers  also  found  that  the  use  of  screens  decreased  their 
work,  but  a  spray  increased  the  output  of  sand  very  much. 

The  hose  used  for  conveying  the  sand  was  3-in.  rubber  hose;  it 
was  heavy  and  practically  non-collapsible.  The  inner  rubber 
tube  has  never  yet  shown  signs  of  wear,  in  spite  of  the  fact  that 
the  brass  couplings  and  expansion  rings  wear  rapidly. 

The  Pittsburg  plant  has  a  considerable  amount  of  sand  piping, 
of  3-in.  and  4-in.  wrought-iron  pipe,  with  the  outside  coated  by 
immersion  in  pipe  dip.  Dire  disaster  has  been  predicted  for  this 
pipe  by  several  engineers  of  standing,  but  the  pipes  have  been  in 
use   since   December,    1907,    having   transported   approximately 

*  Supprintomlont  I'itt.sburg  Filtration  Works. 
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100  000  cu.  yd.  of  sand  to  various  parts  of  the  plant,  and  we  have 
yet  to  find  one  length  of  straight  pipe  which  has  shown  appreci- 
able wear,  the  only  appearance  of  any  wear  being  along  the  lower 
third  of  the  inside  surface.  It  is  true  that  there  has  been  some  wear 
on  the  curve  pipes  near  the  sand  washers  in  the  galleries.  In 
some  instances  we  have  substituted  short  lengths  of  hose  for  the 
curved  pipes,  with  success,  thus  increasing  the  life  of  the  equip- 
ment and  decreasing  the  maintenance  cost. 

The  sand  lines  carrying  the  sand  from  gallery  to  gallery  are  4-in. 
wrought-iron  pipe.  The  total  length  between  galleries  is  approxi- 
mately 565  ft.  We  have  not  experienced  any  more  trouble  in 
transporting  sand  through  the  long  4-in.  line  than  we  have  experi- 
enced with  the  shorter  3-in.  lines. 

The  nozzles  of  the  sand  washers  are  of  brass.  They  are  3{  in. 
long  over  all.  The  bore  tapers  from  2f  in.  diameter  to  |  in. 
diameter.  Originally  we  brought  the  taper  down  to  the  front  of 
the  nozzle.  This  caused  a  fluting  on  the  front  face  of  the  nozzle, 
producing  a  back  lash  which  cut  down  the  output  of  the  hopper. 
It  was  therefore  determined  to  run  a  f-in.  bore  for  |  in.  along  the 
axis  of  the  nozzle,  after  which  the  taper  is  carried  out  as  in  the 
previous  nozzles.  This  has  resulted  in  a  considerably  increased 
life  of  the  nozzle  as  well  as  decreased  clogging  of  the  washers. 

The  water  for  sand  washing,  transporting,  and  restoring  is 
obtained  from  two  5-million  and  one  3-million  gallon  D'Auria 
pumps  which  furnish  wash  water  under  100-lb.  pressure. 

The  dirty  sand  at  Pittsburg  is  ejected,  washed,  transported  to 
another  bed,  placed,  and  leveled,  in  one  continuous  process,  with- 
out stops.  Deducting  all  time  for  moving,  placing,  and  removing 
hose  and  portable  ejectors,  the  ejector  handles  9.2  cu.  yd.  of  sand 
per  hour.  Taking  into  account  all  time  of  moving,  placing,  and 
removing  hose  and  portable  ejectors,  as  well  as  the  transfer  of 
machines  for  restoring  the  sand,  there  are  handled  6.9  cu.  yd- 
of  sand  per  ejector  hour.  During  the  first  seven  months  of  this 
year,  we  have  ejected,  washed,  transported,  and  replaced  approxi- 
mately 40  000  cu.  yd.  of  sand.  In  this  work,  we  have  used  approxi- 
mately 420  million  gallons  of  settled  water.  It  is  estimated  that 
this  water  costs  $11.41  per  miUion  gallons  pumped.  This  cost 
is  divided  as  follows: 
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Labor 70  per.  cent . 

Fuel 26 

Supplies 4         ,, 

It  is  evident,  then,  that  the  water  for  sand  ejecting,  washing, 
transporting,  and  restoring  cost  approximately  $4  800.00,  or  12 
cents  per  cu.  yd.  of  sand  handled. 

Concerning  the  amount  of  water  used,  we  have  found  it  advis- 
able to  run  the  water  in  the  washers  during  the  half  hour  of  diimer. 
If  Ave  were  draAving  from  a  standpipe,  we  would  undou])t(Hlly  not 
follow  this  custom.  The  starting  and  stopping  of  pumps  takes 
some  time,  requiring  the  attendance  of  men  at  the  washers.  We 
found  that  the  lal^or  charge  attenchng  the  stopping  and  starting 
overbalanced  the  cost  of  wash  water  in  running  straight  through 
the  day.  We  realize,  however,  the  possibility  of  reducing  the 
wash  water  about  five  per  cent,  by  discontinuing  this  arrangement. 

A  series  of  analyses  of  wash  water  has  been  made  to  determine 
the  bacterial  content  and  turbidity  of  wash  water  after  successive 
passages  through  washers.  In  the  examination  of  the  figures 
given  below,  it  should  be  remembered  that  the  sand  is  frequently 
passed  through  a  washer  in  order  to  gain  extra  impetus  in  the 
transportation,  rather  than  to  receive  a  real  washing.  With  this 
idea  firmly  in  view,  we  offer  the  following: 

August  16,  1910. 


Washing  No.  1. 

Washing  No.  2. 

Washing  No.  3. 

Washing  No.  4. 

At  Restorer. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

90  000 

18  800 

23  000 

3  200 

14  000 

2  000 

19  000 

1200 

15  000 

430 

It  is  evident  that  the  bacterial  content  of  the  settled  water 
was  approximately  15  000,  and  that  two  washings  brought  the 
bacterial  content  to  normal. 


May  3, 

1910. 

Washing  No.  1. 

Washing  No.  2. 

Washing  No.  3. 

Washing  No.  7. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

500  000 

28  700 

150  000 

3  200 

45  000 

800 

19  000 

100 
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May  10,  1910. 


Washing  No.  1. 

Washing  No.  2. 

Washing  No.  3. 

At  Restober. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

Bact. 

Tur. 

720  000 

31500 

230  000 

4  000 

65,000 

1100 

25  000 

800 

We  have  made  studies  of  the  cleanliness  of  the  washed  sand 
restored  to  the  beds.  We  find  that  100  grams  of  sand  shaken  in 
one  liter  of  distilled  water  produces  a  silica  turbidity  lying  gener- 
ally between  25  and  65  parts  per  million.  Recent  specifications 
for  sand  in  new  filters  at  Pittsburg  allow  a  limiting  turbidity  of 
200  parts  per  million  under  the  same  conditions. 

Mr.  M.  F.  Collins.*  What  was  said  in  both  the  papers  re- 
garding the  washing  of  sand  is  very  interesting  to  me.  Of  course 
when  we  make  a  comparison  with  the  old  Lawrence  filter,  we 
cannot  have  the  same  figures  that  are  obtained  at  covered  filters. 
On  our  open  filter  the  sand  must  be  transported  from  the  beds 
to  the  roadway;  it  is  then  forced  by  the  ejector  to  the  washing 
machines,  which  are  at  an  elevation  of  about  14  ft.  After  being 
washed,  the  sand  is  returned  to  the  filter  beds  in  wheelbarrows, 
which  is  a  slow  and  costly  method. 

At  our  covered  filter  we  have  kept  careful  notes  on  the  cost  of 
operation.  In  scraping  the  sand  from  the  bed  we  put  the  ejector 
in  the  middle  of  the  filter  and  transport  the  sand  to  the  storage 
bin.  This  operation  costs  us  about  29  cents  a  cubic  yard.  There 
are  times  in  the  summer  when  we  can  wash  and  return  the  sand 
for  the  same  price,  but  this  cannot  always  be  done,  since  we  only 
spread  the  sand  on  the  filter  once  a  year;  consequently  we  have  to 
store  it. 

On  the  open  filter  it  is  pretty  hard  to  make  any  comparisons 
at  all,  because  the  boys  are  continually  throwing  stones  on  to  the 
beds,  so  that  we  have  to  have  a  screen  on  the  ejector  to  remove  the 
stones  during  the  operation  of  sand  washing.  But  in  the  covered 
filter  we  get  very  good  results,  and  on  the  level  ground  we  have 
washed  in  a  single  day  48  cu.  yd.  of  sand.     Mr.  Knowles  speaks  of 


*  Superintendent  Water  Works,  Lawrence,  Mass. 
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100-lb.  pressure,  but  in  Lawrence  we  are  confined  to  about  63  lb., 
so  I  think  that  wdth  the  diminished  pressure  that  we  have,  and 
the  difficulties  encountered  in  the  open  filter,  such  as  I  speak  of 
we  show  very  good  results.  I  would  say  that,  so  far  as  our  sand 
is  concerned,  we  find,  as  Mr.  Knowles  contends,  that  the  further 
we  transport  it  through  the  pipe,  the  cleaner  the  sand  is  when  it 
comes  out,  for  the  agitation  received  in  passing  through  the  pipes 
helps  it  to  scour  it. 

Mr.  Allen  Hazen  *  {by  letter).  In  the  first  Pittsburg  design  to 
which  Mr.  Knowles  has  referred,  there  is  a  pipe  shown  underneath 
the  ejector,  which  was  called  the  "  irrigator."  That  pipe  plays  a 
somewhat  important  function  in  washing  the  sand  which  was  not 
mentioned  by  Mr.  Knowles.  We  have  used  the  irrigator  in  all 
sand-washer  designs  since  this  first  Pittsburg  design. 

In  the  earlier  washers  at  Hamburg,  Albany,  etc.,  the  sand  was 
freed  from  dirty  water  by  a  process  of  dilution.  Every  time  it 
went  through  the  hopper  some  of  the  dirt}'  water  was  separated 
and  some  clean  water  was  mixed  with  it,  and  so  the  dirty  water 
was  diluted  until  finally  a  degree  of  dilution  was  reached  where 
there  was  not  too  much  dirt  left.  The  function  of  the  irrigator 
was  to  introduce  clear  water  at  the  bottom  in  a  special  chamber 
of  such  size  that  the  sand  would  settle  down  into  it,  and  the 
clean  water  would  be  carried  forward  with  the  sand,  while  sub- 
stantially all  of  the  dirty  water  was  displaced.  With  this 
arrangement  there  was  a  better  separation  of  dirt  in  a  single 
hopper  than  had  previously  been  reached  with  several  hoppers. 

Mr.  F.  F.  Longley,  now  resident  engineer  of  the  Toronto  Filters, 
formerly  at  W^ashing-ton,  has  made  very  numerous  and  painstaking 
investigations  of  the  relations  between  the  size  of  jet,  the  size  of 
throat,  the  pressure  of  water  supplied  to  the  jet  and  the  pressure 
of  water  obtained  at  the  discharge,  and  the  frictional  resistance 
of  mixtures  of  sand  and  water  in  piping.  These  investigations 
have  extended  through  at  least  six  years,  including  some  pre- 
liminary experiments  that  I  uiatle  at  Washington.  Many  of  these 
experiments  have  been  written  up  for  office  use  and  many  designs 
have  been  based  upon  them.  I  have  thought  that  some  time  Mr. 
Longley  and  I  would  publish  a  description  of  this  work,  but  it 

♦Consulting  Engineer,  New  York  City. 
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has  been  postponed  because  added  data  is  being  accumulated 
from  time  to  time.  A  very  concise  statement  of  some  of  the  leachng 
results  is  presented  in  the  American  Civil  Engineers'  Pocket-Book, 
published  by  Wiley  &  Sons,  pages  932-935. 

In  general,  the  Vent uri-sh aped  throat  yields  considerable  more 
pressure  than  the  throats  of  shorter  length  and  sharper  pitch  that 
were  used  in  all  the  earlier  sand  washer  designs,  and  ejectors  of 
this  type  should  be  used  in  all  cases  where  the  highest  efficiency 
is  desirable.  More  recently,  throats  made  of  straight  pieces  of 
water  pipe  have  been  used.  Under  favorable  conditions  the 
pressures  obtained  with  these  come  within  ten  per  cent,  of  those 
reached  with  the  Venturi  throats;  and  where  high  efficiency  is 
not  important,  this  type  of  throat  is  convenient. 

To  take  up  dirty  sand  scraped  from  a  filter,  about  one  volume 
of  water  is  required  to  break  down  one  volume  of  sand,  making  a 
slush  mixture  having  sixty  per  cent,  of  solid  sand  by  volume  and 
a  specific  gravity  of  1.59.  This  is  an  average  result,  and  is  taken 
as  the  basis  of  calculation.  In  handling  clean  sand  less  water  may 
be  used  and  slush  of  a  higher  specific  gravity  obtained. 

With  an  ejector  taking  up  slush  of  this  kind  there  is  a  definite 
relation  between  the  percentage  of  sand  in  the  mixture  that  can 
be  thrown  and  the  percentage  of  pressure  that  can  be  developed 
by  the  ejector.  Thus,  with  5  per  cent,  of  solid  sand  in  the  dis- 
charge by  volume  and  an  ejector  of  good  design,  a  pressure  at 
the  discharge  of  50  per  cent,  of  the  jet  pressure  may  be  reached; 
with  10  per  cent,  sand,  37  per  cent,  of  the  pressure  may  be 
reached;  and  with  15  per  cent,  sand,  28  per  cent,  of  the  pressure, 
etc. 

Generally  speaking,  the  smaller  per  cent,  of  sand  in  the  dis- 
charge, the  further  sand  can  be  carried  or  the  higher  it  can  be 
lifted;  but,  on  the  other  hand,  more  water  is  required  to  make  it 
go.  Practically  speaking,  for  any  given  condition  an  equilibrium 
will  be  reached  with  full  feed  of  slush  to  an  ejector  at  which  the 
per  cent,  of  sand  in  the  discharge  water  is  as  high  as  can  be  main- 
tained with  the  conditions  of  discharge  and  elevation  that  actually 
exist.  These  conditions  may  be  calculated  with  sufficient  accuracy 
for  all  practical  purposes  by  a  few  simple  formulas  based  upon  the 
results  of  the  experiments  above  mentioned. 
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In  the  first  place,  a  tabular  statement  of  the  conditions  obtaining 
in  good  ejectors  at  approximately  average  efficiency  is  given. 
This  is  for  ejectors  of  the  best  shape  but  somewhat  worn  and  not 
quite  in  the  best  condition.  With  everything  in  the  best  condition 
the  results  ■^^^ll  be  better,  while  with  much-worn  throats  the 
efficiency  will  fall  off  from  the  figures  given. 


Per  Cent,  of  Sand  in  Water  Thrown 
by  Volume. 


10 

15 

20 

1.10 
16.7 
83.3 

1.15 
25.0 
75.0 

1.20 
33.3 
66.7 

0.32 

0.53 

0.80 

1.32 

1.53 

1.80 

0.37 

0.28 

0.20 

1.33 

1.50 

1.73 

0.68 

0.59 

0.50 

30 


Specific  gravity  of  mixture .• 

Per  cent .  slush  by  volume 

Per  cent,  nozzle  water  by  volume .  .  . 

Weight  of  slush  per  part  water  from 
nozzle 

Q  —  ratio  total  weight  of  discharge 
to  weight  of  jet  water 

P  =  proportion  of  jet  pressure  de- 
veloped in  discharge 

T  =  ratio  of  diameter  of  throat  to 
diameter  of  jet 

V  =  ratio  of  velocity  in  throat  to 
velocity  in  jet 


1.05 
8.3 
91.7 

0.15 

1.15 

0.50 

1.18 

0.79 


1.25 
41.7 
58.3 

1.14 

2.14 

0.14 

2.02 

0.42 


1.30 
50.0 
50.0 

1.59 

2.59 

0.10 

2.38 

0.35 


For  water  alone,  V  = 
For  sand  mixtures,  V  ■ 


Q 


r-  Sp.  Grav. 

The  specific  gravity  of  10  per  cent,  sand  is  1.10,  etc.,  closely  enough  for  this 
calculation. 

For  any  given  ejector  the  amount  of  pressure  that  can  be 
developed  added  to  the  velocity  through  the  throat  in  terms  of 
velocity  in  the  jet  is  approximately  constant.  In  other  words, 
with  a  given  ejector  you  can  have  so  much  velocity  or  so  much 
pressure,  pr  corresponding  proportions  of  each,  but  as  you  get  more 
of  one  you  get  less  of  the  other.  With  ejectors  of  the  Venturi 
type,  working  with  water  alone,  this  may  be  expressed  by  the 
equation : 

For  water,  (P+  V) T''  =  1 .75. 

When  mixtures  of  sand  and  water  are  thrown,  the  law  is  the 
same,  but  the  specific  gravity  of  the' mixture  is  greater,  and  the 
diameter  of  the  throat  must  be  reduced  to  give  otherwise  corre- 
sponding results.  With  the  maximum  percentages  of  sand  that 
can  be  thrown  in  each  case,  the  equation  becomes: 
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For  sand,  (P+7)r'-«=1.75. 

For  general  use,  without  refinements,  the  equation  may  be 
written : 

In  general,  (P-\-V)T'-'=lM. 

This  is  more  easily  solved  on  an  ordinary  slide  rule  and  the 
constant  is  taken  a  little  lower  to  allow  for  falling  off  in  efficiency 
under  various  conditions. 

Following  the  nomenclature  used  above,  T  should  be  so  selected 
that  QV  will  equal  0.9.  No  very  great  falling  off  in  efficiency  will 
be  found  with  values  of  T  such  that  QV  is  between  0.8  and  1.0. 
Within  this  approximate  range  the  pressure  that  may  be  developed 
varies  inversely  as  the  square  of  Q.     Expressed  as  an  equation: 

PQ-  =  0.65. 

Again,  the  figure  given  as  0.65  is  not  quite  a  constant;  0.7  and 
even  0.75  are  obtained  in  special  experiments  under  favorable 
conditions,  and  0.65  is  what  should  reasonably  be  obtained  under 
average  working  conditions  with  a  good  design  and  parts  replaced 
before  they  are  too  much  worn. 

These  equations  are  all  approximate.  They  are  not  strictly 
consistent  among  themselves,  but  they  do  represent  substantially 
the  practical  conditions  that  have  been  found  in  ejectors  under 
conditions  of  actual  use,  and  they  serve  to  allow  these  conditions 
to  be  comi3uted  in  advance  with  sufficient  accuracy  for  all  practical 
purposes. 

Ejector  parts  are  best  made  of  common  cast  iron.  We  have  made 
them  experimentally  of  brass,  bronze,  steel,  and  of  specially  hard- 
ened materials,  but  no  increased  wear  was  obtained  from  any  of 
these  justif;yang  the  added  expense.  The  simple  cast-iron  parts 
wear  substantially  as  long  as  the  case-hardened  ones  or  those  of 
any  special  material. 

The  friction  of  mixtures  of  sand  and  water  in  pipes  may  be 
estimated  by  computing  the  friction  of  water  alone  at  the  same 
velocity  in  the  pipe  and  adding  3.5  ft.  per  thousand  for  each  per 
cent,  of  sand  in  the  mixture.  With  6-in.  or  larger  pipe  only  2.5 
ft.  per  thousand  need  be  added,  while  for  2.5  in.  hose  4.5  ft.  per 
thousand  are  to  be  added. 

Those  figures  are  sufficiently  close  for  velocities  5  ft.  per  second 
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and  over.  Between  3  and  5  ft.  per  second  the  frictions  will  some- 
what exceed  the  amounts  so  computed,  especially  near  the  lower 
limit,  and  below  3  ft.  per  second  sand  and  water  mixtures  will 
not  flow  steadily. 

In  calculating  the  yardage,  per  cent,  of  sand  in  the  mixture, 
etc.,  use  — • 

,.  ,     .^     »^  137.5  Xcu.  yd.  sand  per  hour 

Velocity  ft.  per  sec.  = 


Cubic  yards  per  hour  = 


Per  cent,  sand  in  discharge  X  diameter  ^ 
Per  cent,  of  sand  X  velocity  X  diameter  ^ 
137.0  " 

The  frictional  resistance  of  various  quantities  of  sand  and  water 
in  pipes  of  several  sizes  are  shown  in  tabular  form  below. 


Cubic  Yards 
per  Hour. 


Per  Cent  of  Sand  im  Discharge. 
10  15  20  25 


30 


2i-lNCH  Pipe  or  Hose. 


4 

6 

8 

10 


6 

8 
10 
12 
14 
16 


10 
12 
14 
16 
18 
20 
22 
24 


480 

165 

130 

310 

180 

160 

170 

500 

280 

200 

ISO 

200 

390 

260 

220 

210 

3-Inch 

Pipe  or  ! 

Hose. 

420 

142 

108 

128 

/ 

225 

136 

125 

320 

180 

142 

142 

170 

430 

240 

170 

154 

160 

300 

205 

175 

170 

380 

250 

200 

182 

4-rNCH  Pipe, 

180 

74 

70 

280 

97 

77 

87 

126 

89 

88 

160 

102 

92 

102 

200 

120 

102 

104 

117 

140 

111 

108 

117 

160 

123  • 

113 

120 

184 

135 

120 

123 

210 

152 

130 

128 
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Dubic  Yards 
per  Hour. 

5 

10 

5-Inch 

15 

Pipe. 

20 

25 

30' 

10 

98 

50 

55 

15 

195 

75 

62 

71 

20 

320 

110 

76 

75 

83 

25 

160 

94 

84 

88 

30 

210 
6-Inch 

115 
Pipe. 

98 

94 

100' 

20 

140 

56 

51 

62 

30 

97 

67 

66 

75 

40 

150 

92 

76 

78 

86 

50 

210 

122 

95 

86 

90 

Mr.  Knowles  finds  that  increase  of  pressure  above  one  hundred 
pounds  does  not  give  corresponding  increase  in  capacity.  With 
a  given  ejector  this  is  often  true,  because  with  the  higher  pressure 
more  water  passes  through  the  jet,  the  discharge  pipe  is  filled  with 
jet  water  alone,  and  there  is  no  room  left  to  take  up  sand.  In 
the  same  way,  if  the  jet  is  made  too  large,  less  sand  will  be  taken  up 
than  with  a  smaller  jet.  Other  things  being  equal,  the  size  of  jet 
should  always  be  reduced  when  the  pressure  is  increased.  If  this 
is  done,  there  will  always  be  an  increase  in  the  distance  that  sand 
can  be  carried  or  in  the  height  that  it  can  be  lifted  with  an  increase 
in  the  pressure  of  the  feed  water  and  this  increase  in  distance  and 
height  is  substantially  proportional  to  the  increase  in  pressure. 
On  the  other  hand,  the  wear  and  tear  of  the  apparatus  increases 
rapidly  with  high  pressure,  and  for  ordinary  work  one  hundred 
pounds  may  be  a  reasonable  limit. 

Up  to  the  time  of  the  design  of  the  Washington  plant,  the 
largest  piping  used  in  connection  with  sand  washing  or  handling- 
was  three  inches  in  diameter.  I  became  satisfied  that  there  would 
be  advantages  in  the  use  of  4-in.  pipe  and  it  was  used.  Up  to  that 
time  the  largest  quantity  of  sand  that  had  been  handled  was  five 
or  six  cubic  yards  per  hour.  With  the  larger  pipe  at  Washington 
the  quantity  of  sand  handled  at  once  jumped  to  10  and  even  to 
12  cu.  yd.  per  hour.  It  would  obviously  be  possible  to  use  5-in. 
pipe  and  increase  the  yardage,  but  it  may  be  doubted  whether 
the  business  about  an  ordinary  filter  plant  will  warrant  this.  For 
special  purposes,  five  or  six  inches  and  even  larger  piping  may  be 
advantageous. 
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With  100  11)  i)i(\ssure  and  4-in.  piping  and  a  0.7  jvt,  10  cu.  yd. 
of  sand  per  hour  can  be  carried  horizontally  for  about  600  ft.  or 
lifted  40  ft.;  or  a  proportional  amount  of  both  lift  and  carry  may 
be  obtained;  15  cu.  yd.  per  hour  can  be  carried  horizontally 
400  ft.,  or  lifted  30  ft.;  and  20  cu.  yd.' per  hour  can  be  carried 
horizontally  250  ft.  or  raised  22  ft. 

Generally  speaking,  50  ft.  of  3-in.  discharge  hose  from  the 
movable  ejector  to  the  end  of  the  4-in.  pipe  has  as  much  resistance 
as  from  100  to  150  ft.  of  4-in.  pipe,  so  that  as  a  practical  proposition 
with  the  washer  on  the  roof  of  a  covered  filter  with  0.7  jet  and 
100  lb.  water  pressure,  we  have  15  ft.  lift  and  50  ft.  3-in.  hose  and 
about  350  ft.  horizontal  run  in  4-in.  pipe,  as  a  practical  limit,  at 
which  10  cu.  yd.  per  hour  can  be  handled.  With  longer  runs, 
smaller  quantities,  and  with  shorter  runs  larger  quantities  up  to 
15  cu.  yd.  per  hour  and  more  may  be  handled. 

In  making  calculations,  the  most  convenient  procedure  is  to 
assume  a  certain  number  of  cubic  yards  per  hour  and  certain 
lengths  of  discharge  piping  and  elevations,  find  out  what  the 
frictional  resistance  in  these  will  be  with  various  percentages  of 
sand  in  the  discharge,  and  then  calculate  what  pressures  ,of  feed 
water  will  be  required  to  produce  these  conditions.  If  the  re- 
quired pressure  of  feed  water  much  exceeds  that  which  is  available, 
then  the  assumed  conditions  are  too  difficult  and  must  be  made 
easier.  On  the  other  hand,  if  it  comes  within  the  limit  of  pressure 
that  is  available,  the  desired  results  will  be  reached,  and  making 
the  calculation  for  a  series  of  percentages  of  sand  in  the  discharge 
water,  and  then  interpolating  from  the  results,  a  very  close  approxi- 
mate figure  can  be  obtained  for  the  largest  per  cent,  of  sand  in  the 
discharge  water  that  will  be  carried;  and  conversely,  for  the 
smallest  size  of  jet  that  will  accomplish  the  desired  results. 

By  following  out  these  calculations  systematically  it  will  be 
possible  to  be  quite  certain  in  advance  of  securing  the  desired 
results  and  also  of  securing  a  design  that  will  do  it  with  as  small 
a  quantity  of  water  as  can  be  made  to  accomplish  the  purpose. 

Mr.  Francis  F.  Longley  *  (by  letter).  In  connection  with  the 
■operation  of  the  slow  sand  filters  at  Washington,  D.  C,  the 
writer  had  an  opportunity,  a  few  years  ago,  of  studying  certain 

♦Resident  Engineer,  Filtration  Plant,  Toronto,  Ont. 
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problems  relating  to  sand  washing  and  handling.  Investigations 
were  made  on  the  frictional  resistance  of  sand  and  water  in  pip- 
ing, and  laws  were  determined  for  computing  the  loss  of  head  in 
3-in.  and  4-in.  pipe.  The  relations  between  the  sizes  of  jet  and 
throat  of  ejectors,  the  quantity  of  material  that  could  be  handled, 
the  pressure  of  water  at  throat  and  jet,  etc.,  were  also  stucUed, 
and  the  results  are  reviewed  in  the  following  discussion. 

Friction  of  Sand  and  Water  in  Pipes.  The  equipment  available 
for  the  study  of  the  friction  of  mixtures  of  sand  and  water  in 
pipes  consisted  of  the  4-in.  wrought-iron  pipe  of  the  sand  washer 
system  supported  permanently  along  the  side  walls  of  the  filters; 
the  3-in.  flexible  hose  used  to  connect  up  the  ejector  box  with  the 
4-in.  wrought-iron  pipe;  the  ejector  box;  a  measuring  box  for 
sand;  meters  to  be  placed  on  the  pipe  or  hose  lines;*  the  differen- 
tial mercury  gages,  etc.  The  determination  of  the  loss  of  head 
consisted  simply  in  establishing  a  steady  flow  for  various  con- 
ditions and  measuring  accurately  the  pressure  at  two  points  some 
distance  apart  or  the  difference  in  pressure  at  these  two  points 
on  the  pipe  line.  The  first  experiments  were  carried  out  by  the 
use  of  pressure  gages  located  at  two  points  on  the  line.  These 
pressure  gages  had  dials  graduated  to  30  lb.  The  least  graduation 
of  the  dials  was  one  pound  and  the  least  reading  that  could  be 
depended  upon,  due  to  the  lack  of  refinement  of  the  gage,  was 
probably  one  quarter  pound.  The  maximum  difference  in  pressure 
at  the  two  points  chosen  for  the  gages  was  only  about  12  lb., 
and  the  usual  difference,  of  course,  much  less  than  that.  The 
least  reading  of  the  gage,  therefore,  represented  so  large  a  per- 
centage of  the  difference  in  pressure  usually  observed  that  the 
accuracy  of  the  observation  was  not  nearly  what  was  desired. 
The  need  of  some  more  refined  method  of  measurement  was 
therefore  very  soon  demonstrated.  A  differential  mercury  gage 
was  then  rigged  up,  consisting  of  a  long  U-tube  of  glass  attached 
by  suitable  connections  to  a  |-in.  wrought-iron  pressure  pipe 
which  was  carried  along  the  3-in.  hose  or  4-in.  pipe  to  the  points 
on  the  pipe  at  which  the  difference  in  pressure  was  to  be  observed. 
Cocks  for  checking  the  oscillations  which  resulted  from  the  con- 
tinual variations  in  the  conditions  of  flow  in  the  pipes,  especially 
at  low  velocities,  and  for  blowing  off  the  |-in.  pressure  pipes  and 
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clearing  them  of  sand,  were  provided,  and  every  precaution  taken 
to  make  the  readings  consistent.  The  arrangement  of  the  pressure 
pipmg,  differential  gage,  etc.,  is  shown  in  Fig.  11.  The  greatest 
care  was  used  in  the  placing  of  the  |-in.  pressure  pipe  and  the 
differential  mercury  gage  to  avoid  the  trapping  of  air  in  high 
pockets  of  the  pipe,  as  it  was  found  that  such  accumulations  of 
air  affected  the  readings  of  the  gage  to  a  considerable  degree. 


M/ory  o^  coc/r  - 


£a^i 


D/^erenna/  mercury  ^at/ae  — 


rf»= 


^'p/'P' 


I 


^■tV/P/P£ 


~ll 


^l 


\ 


•S^oky/na  arrcj/i^eme/?/-  of  /!//i//ro, 
/nerct/ry  aacye,  e/fc^yfe/-  e^/jcr. 
/n/n//7f  Loss  o/ /ieaa //7  ^'/j/pe. 


II 


±i 


Fig.  11. 


It  was  necessary  to  determine  the  following  factors  in  this 
problem:  The  difference  in  pressure  at  two  points  a  measured 
distance  apart  on  the  line  under  observation;  the  quantity  of 
water  passing  through  that  section  of  hose  or  pipe,  and  the  quan- 
tity of  sand.  One  of  the  movable  ejectors  was  hooked  up  in  the 
usual  way  by  means  of  two  lines  of  3-in,  hose  to  the  pressure  pipe 
line  along  the  wall.  The  water  flo^^^ng  through  the  section  under 
observation  could  then  most  conveniently  be  measured  in  two 
parts,  viz.,  the  water  supplied  to  the  nozzle  and  the  water  sup- 
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plied  to  the  irrigator.  Two  3-in.  meters  were  used  for  this  purpose; 
one  on  the  main  supply  to  the  nozzle  of  the  ejector  box  and  the 
other  on  another  line  of  3-in.  hose  supplying  the  irrigator.  A 
separate  line  of  hose  to  the  irrigator  is  not  needed,  of  course,  in 
the  regular  operation  of  an  ejector,  but  it  was  used  here  for  con- 
venience in  the  measurement  of  the  water  quantities.  For  the 
measurement  of  the  sand  flowing  through  the  pipe  or  hose  line 
under  observation,  a  rectangular  bottomless  box  holding  just  one 
cubic  yard  was  used.  This  box  was  filled  by  shoveling  the  scraped 
sand  into  it  until  it  was  full  and  the  top  struck  with  a  straight- 
edge and  the  box  then  lifted  off.  Piles  of  an  even  number  of  yards 
of  sand  were  used  for  each  run. 

With  all  the  apparatus  placed  ready  for  the  experiments,  the 
procedure  for  a  single  test  run  was  somewhat  as  follows:  The 
water  was  first  turned  on  at  the  jet  and  at  the  irrigator  and  ad- 
justed approximately  to  the  velocity  desired  through  the  hose  or 
pipe  under  observation,  the  supply  of  water  to  the  irrigator  being 
fixed  so  that  the  water  level  in  the  ejector  box  stood  at  a  fixed 
depth  of  about  6-in.  over  the  nozzle  to  insure  complete  sub- 
mergence. When  steady  flow  was  established,  the  |-in.  pressure 
pipe-lines  were  cleared  of  sand  and  air  and  filled  with  water  by 
opening  the  cocks  wide  and  discharging  water  through  the  blow- 
off  cocks  each  side  of  the  differential  mercury  gage.  When  this 
condition  was  perfected,  the  cock  on  each  line  nearest  the  point  of 
attachment  of  the  pressure  line  to  the  4-in.  pipe  or  3-in.  hose  was 
partially  closed  until  there  was  only  a  very  small  flow  at  the  blow- 
off  cock.  The  two  blow-off  cocks  were  then  closed  and  the  pressure 
communicated  direct  to  the  differential  mercury  gage  and  then 
the  cocks  on  the  pressure  lines  at  each  side  of  the  differential 
mercury  gage  were  gradually  closed  until  the  oscillations  of  the 
mercury  column  already  referred  to  were  reduced  to  a  minimum. 

The  gage  now  being  ready  for  observations,  and  the  water  flowing 
as  already  described  at  the  jet  and  at  the  irrigator,  the  ejector 
box  was  filled  with  sand  and  the  sand  maintained  at  a  constant 
level  at  the  top  of  the  box  from  an  unmeasured  waste  pile  of  sand 
nearby.  This  process  was  continued  for  several  minutes,  if  neces- 
sary, or  until  the  flow  of  sand  and  water  in  the  hose  or  pipe  had 
reached  a  reasonably  steady  condition.    The  quantity  of  irrigator 
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water  taken  up  when  feeding  sand  to  the  ejector  is  of  course  much 
less  than  when  the  ejector  is  being  supplied  with  water  alone. 
The  irrigator  valve  had  then  to  be  partially  closed  to  adjust  the 
quantity  of  water  to  give  as  perfect  a  condition  of  feed  as  possible 
at  the  ejector  without  causing  the  box  to  overflow.  Then,  at  a 
definitely  observed  time,  sand  was  supplied  from  one  of  the 
measured  piles  of  sand  instead  of  from  the  waste  pile,  and  this 
procedure  continued  until  an  even  number  of  yards  of  sand  had 
been  fed  to  the  ejector.  Finally,  the  time  was  observed  when 
this  even  number  of  yards  of  sand  had  been  exhausted  and  the 
sand  in  the  ejector  had  run  down  once  more  to  its  initial  position 
level  with  the  top  of  the  box.  This  fixed  the  time  factor  and  the 
«and  factor  in  the  experiment.  Readings  were  taken  on  the  two 
water  meters  at  the  beginning  and  end  of  the  run  and  also  in- 
cidentall}'  at  intermediate  times  during  the  run  in  order  to  check 
up  from  time  to  time,  if  desirable,  the  uniformity  of  the  suppl}^ 
At  the  differential  mercury  gage-board  readings  were  taken  of 
the  height  of  the  mercury  column  at  intervals  of  thirty  seconds 
throughout  the  entire  measurement  period.  The  average  of  these 
was  assumed  as  representing  the  difference  in  pressures  at  the  two 
points  of  connection  of  the  pressure  pipe  to  the  pipe  or  hose  under 
observation 

The  results  of  these  observations  were  then  brought  together, 
the  percentage  of  sand  in  the  mixtures  determined,  the  velocit}'' 
of  the  mixtures  through  the  pipe  or  hose  under  observation  de- 
termined, and  the  loss  of  head  in  feet  per  thousand  feet  computed 
from  the  observed  readings  of  the  differential  mercury  gage. 
These  points  were  then  plotted  with  loss  of  head  per  thousand 
feet  as  ordinates,  velocity  in  feet  per  second  as  abscissa?,  and  the 
percentage  of  sand  in  the  mixtures  noted  for  each  point  so  plotted. 
The  problem  then  presented  itself  of  determining  from  this  data 
a  suitable  law  of  variation  of  the  friction  for  different  percentages 
of  sand.  A  little  study  indicated  that,  for  any  given  velocity 
which  was  great  enough  to  keep  the  sand  in  suspension  in  the 
pipe,  the  increase  in  friction  for  equal  increases  in  percentages 
of  sand  and  slush  was  approximately  constant.  As  an  illustration 
of  this,  the  points  on  the  diagram  corresponding  to  the  |-in. 
nozzle  covered  a  verj'  small  range  of  velocities.    A  mean  line  was 


[^      122  USE    OF   WATER   EJECTOR   FOR   TRANSPORTING   SAND. 


Fig.  12. 
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dra\\'ii  through  these  points  and  the  distance  was  measured  along 
this  hne  to  the  several  points  from  the  curve  which  had  been 
carefully  determined  with  the  same  equipment  for  the  friction 
with  water  alone.  It  was  found  that  these  distances  bore  practi- 
cally a  constant  ratio  to  the  observed  percentage  of  sand  in  the 
mixtures.  This  may  be  seen  from  Fig.  12,  which  is  intended  to 
illustrate  this  method  of  adjustment  of  observations. 


.fiar  or  iT'^i^^e psir^rr  m  4-^m' 


Fig.  14. 


A  study  of  other  similarly  related  points  showed  that  the  same 
law  applied  very  well,  and  consequently  all  the  observations  were 
classified  according  to  small  ranges  of  velocity.  This  method  was 
applied  for  each  set  of  figures  and  the  points  so  determined 
used  to  plot  curves.  These  curves  are  shown  on  Figs.  13  and 
14,  which  mean  substantially  that  the  observations  have  been 
reduced  to  the  basis  of  a  factor  to  })e  multiplied  by  the  percentage 
of  the  sand  in  the  mixture  and  added  to  the  friction  for  water 
alone  for  that  velocity.  These  results  may  be  stated  in  tabular 
form  as  follows: 


124  USE    OF   WATER   EJECTOR   FOR   TRANSPORTING    SAND. 

Factor  to  be  Multiplied  by  Per  Cent,  of  Sand  in  the  Mixture  and 
Added  to  the  Slope  for  Water  Alone  at  the  Same  Velocity. 

3-in.  Hose.     4-in.  Pipe. 


Water  alone,  C  = 

Velocity, 

3  ft.  per  sec. 

1) 

4  ft.    „      . 

i> 

5  ft.   „      „ 

>> 

6  ft.   ,-,      „ 

>> 

7  ft.   „      „ 

)> 

8  ft.   „       „ 

jj 

9  ft.   „       „ 

J, 

10  ft.    „       „ 

)) 

11  ft.    „       „ 

134 

136 

7.5 

.4.0 

5.5 

3.5 

4.4 

3.0 

3.7 

2.8 

3.2 

2.7 

2.9 

2.8 

2.7 

2.7 

Action  of  Sand  Ejectors.  The  experimental  work  described 
herein  relating  to  sand  ejectors  had  its  beginning  in  connection 
with  the  design  of  the  Water  Filtration  Plant  at  Washington, 
D.  C,  in  the  spring  of  1904.  By  the  authority  of  the  officer  then 
in  charge  of  the  Washington  Aqueduct  a  number  of  tests  were 
made  under  Mr.  Hazen's  direction  to  determine  the  power  and 
capacity  of  different  sizes  and  types  of  ejectors.  Mr.  Hazen  had 
to  experiment  with,  at  that  time,  an  ejector  of  the  type  used  then 
in  Philadelphia  and  some  ejectors  made  from  his  own  designs, 
the  discharge  end  being  patterned  after  the  Venturi  meter,  and, 
on  that  account,  being  called  a  Venturi  ejector. 

Mr.  Hazen's  conception  of  the  action  of  these  ejectors  involved 
from  the  first  some  more  or  less  definite  relations  between  pressures 
and  velocities  at  the  nozzle  and  the  throat,  the  relative  diameters 
of  jet  and  throat  and  the  quantities  of  material  passing  through 
the  jet  and  throat.  As  a  result  of  the  first  experiments  mentioned 
in  1904,  he  was  rewarded  by  finding  reasonably  definite  relation- 
ships between  these  quantities,  enough  for  him  to  perfect  the  design 
of  the  sand  washing  equipment  at  the  Washington  plant,  which 
has  proved  itself  most  efficient  and  economical.  The  results  of 
Mr.  Hazen's  early  experiments  were  reviewed  briefly  in  the  paper 
on  the  filtration  plant  at  Washington,  D.  C,  by  Messrs.  Hazen 
and  Hardy,  in  Vol.  57,  Transactions  of  the  American  Society 
Civil  Engineers. 

As  a  result  of  these  early  experiments,  one  of  his  most  im- 
portant conclusions  was  the  great  advantage  in  efficiency  of  the 
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Venturi-shaped  ejector  over  the  other  tj^pes  of  ejectors  with  which 
he  experimented.  The  throat  or  discharge  end  of  the  Venturi 
ejector  had  a  batter  of  1  in  22.  The  throat  of  the  older  type  of 
ejector  used  had  a  batter  of  1  in  6.  It  seems  that  the  discharge 
with  the  longer  batter  assisted  in  the  recovery  of  part  of  the 
velocity  head,  or  acted  in  some  other  manner  to  make  the  Venturi 
style  much  the  more  efficient  of  the  two.  There  was  not  at  that 
time,  however,  as  much  data  as  was  needed  to  establish  dependable 
laws  for  the  action  of  these  ejectors.  It  was  this  fact  that  led  to 
further  study  of  this  problem  that  has  been  carried  on  since  that 
time.  During  the  years  1907-8  the  wTiter  carried  out  a  large 
number  of  experiments  on  the  action  of  the  ejector,  bringing 
together  all  the  data  possible  upon  the  size  of  jet  and  throat,  the 
pressure  of  water  at  the  jet  and  on  the  discharge,  the  quantities 
of  material  thrown,  etc.  Mr.  Hazen's  earlier  studies  had  made 
unnecessary  any  further  comparison  of  the  old  ejectors  with  the 
sharp  batter.  A  new  type  of  throat  had  come  into  use  at  the 
Washington  plant,  however,  which  has  been  called  the  pipe 
throat.  This  throat  was  made  of  a  piece  of  wrought-iron  pipe, 
straight,  cut  to  a  length  to  be  interchangeable  with  the  Venturi 
throat.  The  Venturi  throats  wore  out  rapidly  under  the  service 
they  received,  and  the  pipe  throats  made  a  cheap  and  convenient 
substitute  therefor.  The  study  was  made,  therefore,  upon  the 
two  types  of  ejectors;  first,  the  Venturi  ejector;  second,  the 
pipe  ejectors.  These  experiments  covered  the  Venturi  type  of 
ejector  fairly  well,  so  that  reasonably  definite  and  certain  con- 
clusions have  been  drawn  concerning  them,  and  especially  the 
advantage  of  this  type  of  ejector  over  the  old  type  with  the  sharp 
batter  was  confirmed.  A  large  number  of  experiments  were  made 
with  the  pipe  ejectors  and  certain  conclusions  concerning  them 
were  well  established,  but  further  data  must  be  obtained  before 
a  final  analysis  of  ejectors  of  this  type  can  be  made. 

The  analysis  of  the  results  described  further  on  seems  to  indicate 
very  much  the  same  efficiency  obtained  from  the  Venturi  ejector, 
and  from  the  best  designs  of  pipe  ejectors.  The  results  of  the 
experiments  on  pipe  ejectors,  however,  are  more  erratic  than  on 
the  Venturi.  The  point  upon  which  evidence  is  most  needed  is 
as  to  the  effect  of  varying  the  length  of  a  pipe  throat  of  a  given 


126  USE    OF   WATER   EJECTOR   FOR   TRANSPORTING   SAND. 

diameter.  In  future  experiments  the  length  of  the  throat  will 
be  stated  in  terms  of  its  diameter. 

In  the  earlier  Washington  experiments  it  was  assumed  that 
results  obtained  with  any  given  ejector  carrying  water  alone 
represented  what  could  be  done  with  a  slush  of  sand,  weight  for 
weight.  There  are  so  many  complications  and  difficulties  in  the 
way  of  getting  accurate  results  from  ejector  experiments  with 
sand  that  it  is  much  more  satisfactory  to  study  the  problem  with 
water  alone  if  the  assumption  mentioned  above  can  be  shown  to 
be  a  safe  one.  An  analysis  was  made  of  a  large  amount  of  data 
collected  during  these  experiments  to  bring  out  this  relation  which 
the  weight  of  sand  and  water  taken  up  bears  to  the  weight  of  water 
alone  taken  up  in  the  actual  operation  of  the  ejector.  The  analysis 
shows  that,  for  practical  purposes,  it  is  quite  safe  to  assume  that 
the  weight  of  the  mixture  of  sand  and  water  taken  up  by  an 
ejector  with  perfect  conditions  of  feed  will  be  equal  to  the  weight 
of  water  alone  that  would  be  taken  up  by  the  same  ejector  under 
the  same  conditions. 

With  this  point  demonstrated  to  our  satisfaction,  the  study  of 
the  action  of  the  ejectors  proceeded  with  water  alone.  The  same 
equipment  was  used  for  this  study  as  was  described  above  in  the 
discussion  of  the  determination  of  the  loss  of  head  in  pipes,  except 
that  the  differential  mercury  gage  was  done  away  with  and  the 
pressure  at  nozzle  and  throat  observed  by  means  of  pressure 
gages.  The  information  required  from  a  single  experiment  con- 
sisted of  the  pressure  at  the  nozzle,  the  pressure  at  the  discharge, 
the  quantities  of  water  flowing  to  the  nozzle  and  to  the  irrigator, 
the  length  of  time  consumed  bj^  the  experiment  and,  of  course, 
the  exact  description  of  the  nozzle  and  the  throat. 

It  was  discovered  early  in  the  experiments  that  reliable  results 
in  the  quantity  of  water  taken  up  by  the  ejector  could  be  obtained 
only  with  the  jet  continually  and  completely  submerged.  With 
the  apparatus  in  shape  for  an  experiment,  therefore,  the  procedure 
was  about  as  follows:  The  water  was  turned  on  at  the  jet  until 
it  reached  the  pressure  desired  for  that  particular  run.  The 
gate  on  the  irrigator  supply  was  then  opened  up  wide  until  the  jet 
was  submerged  and  the  water  risen  to  a  definite  mark  in  the 
ejector  box.    It  was  then  partially  closed  until  the  water  level  in  the 
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ejector  box  stood  just  about  at  this  mark  without  any  but  a  tri- 
fling adjustment  of  the  irrigator  valve.  The  apparatus  was  then 
ready  for  the  observations  for  a  single  experiment.  At  a  definite 
time  the  two  water  meters  were  read.  Readings  were  then  taken 
on  the  two  pressure  gages  at  intervals  of  about  fifteen  seconds. 
At  the  end  of  a  definite  time  the  meters  were  read  again  and  the 
experiment  was  ended.  The  valve  on  the  nozzle  supply  was  then 
adjusted  to  a  different  pressure,  the  valve  on  the  irrigator  supply 
altered  to  produce  the  same  condition  of  equilibrium  in  the  ejector 
box  as  before  and  another  run  was  made  for  that  pressure,  and 
so  on.  The  following  table  gives  an  example  of  the  observations 
taken  in  a  single  run. 

Run  No.  A-89. 
Nozzle  diameter  equals  |  in. 
Throat  diameter  equals  1^  in.  pipe  throat. 


Meter  Readings, 

Cu.  Ft.  Water, 

Pressure,  Lb., 

Time. 

Jet. 

Irrigator. 

Jet. 

Irrigator. 

1.2U 

252960.0 

192572.5 

27 

27 
28 
27 
27 
27 
27 
27 

6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

1.30 

253036..5 

1926.33.0 

27 

6.0 

76.5 


60.5 


27.1 


6.0 


Time  elapsed 8.5  minutes. 

Water  passing  jet 76.5  cu.  ft. 

Water  passing  throat,  76.5  plus  60.5  equals  137.0  cu.  ft. 

Average  pressure,  jet 27.1  lb.  sq.  in. 

Average  pressure,  discharge 6.0  lb.  sq.  in. 

Mean  velocity  in  jet      70.0  ft.  per  sec. 

Mean  velocity  in  throat 31.5  ft.  per  sec. 

With  this  data  in  hand  the  problem  became  one  of  determining 
the  relations  between  pressures,  quantities,  jet  ratios,  etc.,  that 
would  apply  reasonably  well  to  any  case.  In  Mr.  Hazen's  earlier 
experiments  at  Washington  he  made  a  successful  analysis  of  his 
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results  as  has  already  been  mentioned,  with  his  observations 
reduced  to  the  following  terms: 

Q  equals  the  ratio  of  total  weight  of  discharge  to  weight  of  jet  water. 
P  equals  the  percentage  of  jet  pressure  developed  in  ejector  discharge. 
T  equals  the  ratio  of  diameter  of  throat  to  diameter  of  jet. 
V  equals  ratio  of  throat  velocity  to  velocity  in  the  jet. 

For  the  experiment  given  in  detail  above,  these  quantities  are 
as  follows: 

Q  equals  1.79 
P  equals  .22 
T  equals  2.00 
V  equals    .45 

-  The  quantities  P  and  Q  were  next  plotted  on  logarithmic  paper. 
For  each  combination  of  jet  and  throat  that  was  experimented 
upon  a  number  of  runs  were  made  at  different  pressures  on  the 
jet,  these  pressures  varying  from  the  least  pressure  which  would 
take  up  any  water  at  all  to  the  maximum  pressure  that  was  avail- 
able. For  each  run  a  point  was  plotted  on  logarithmic  paper 
with  the  quantity  P  as  ordinate  and  Q  as  abscissa.  For  each  set 
of  runs  upon  one  combination  of  jet  and  throat  there  were  then 
several  of  these  points  corresponding  to  the  different  pressure 
conditions  just  mentioned.  These  several  points  were  joined  by 
lines  and  each  broken  line  thus  formed  showed  the  relations 
between  pressure  and  quantity  for  this  particular  ejector  through- 
out the  entire  available  range  of  pressures.-  When  these  lines 
had  been  plotted  for  all  the  different  ejectors  that  were  tried,  it 
was  found  that  a  straight  line  could  be  drawn  coinciding  with  the 
points  of  maximum  efficiency  of  a  great  many  of  these  curves, 
viz.,  those  which  represented  the  most  efficient  combinations  of 
jet  and  throat.  The  broken  lines  representing  the  less  efficient 
ejectors  lay  entirely  within,  but  did  not  touch,  this  enveloping 
line.  This  line  has  been  termed  the  curve  of  maximum  efficiency 
for  the  ejectors.  This  analysis  was  made  separately  for  the 
Venturi  ejectors  and  for  the  pipe  ejectors,  and  is  shown  for 
the  former  on  Fig.  15.  For  the  Venturi  ejectors  the  equation 
of  this  curve  of  maximum  efficiency  was  found  to  be  C  =  PQ^, 
and  for  the  pipe  ejectors  €-=PQ^"^.    For  the  Venturi  ejector  the 


DISCUSSION. 


129 


.90 

.SO 

.70 
.*> 

% 

V 

.20  1 

le 
./s 

.10 

\ 

\\ 

v^ 

\ 

Sana 

cA>r, 

CI 

"9 

\ 

^ 

v\ 

/T, 

'/.. 

\\ 

^,v 

^.Ni 

rz- 

\ 

\ 

V\ 

f 

\ 

\,  ^ 

n\I 

\ 

A 

^ 

\\ 

Vi 

-.^ 

s  • 

v\ 

\y 

^ 

\ 

A 

\^ 

^^* 

^\ 

\ 

^^ 

V 

\Y 

\ 

\^ 

a 

\ 

h 

<^ 

- 

_  "< 

^'  =c 

70 

^1 

\ 

\' 

\\ 

/ 

- 

-  «i 

'  'C 

es 

1. 

1 

!l 

^ 

V 

/ 

\ 

:> 

^ 

m 

K 

'i 

,  ~^ 

^ 

\ 

/ 

N 

^ 

\ 

^ 

^ 

[ 

/ 

\ 

v\ 

^\ 

'     "N 

\ 

Vi 

\\^ 

\ 

' 

\ 

\'^ 

^^ 

\\ 

\ 

\j 

>  > 

^^\ 

1 

/ 

/ 

/"• 

s 

W 

/ 

^ 

/ 

/ 

\ 

\ 

UN 

/ 

1 

X 

T^ 

i 

/ 

k- 

^\\ 

\ 

/ 

<j 

\\ 

\ 

) 
si 

<7o              /.JO           1.40          i.eb        /.M      Aot                          I          3.00                        400                  s. 
Q  '  n>f,ii  if  rchil  Hfvf/f/^  </Dix/uir^a  /»  nSuf/it-  o/  Jit  >Hr/tK 

Fig.  15. 


best  average  value  of  C  was  upproxiinatcly  .70,  hut  .05  would  he 
a  more  conservative  figure  to  use  for  purposes  of  design.  For 
the  pipe  ejector  tiie  best  averages  value  of  C  in  its  proper  equation 
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was  about  .60,  but  —  as  in  the  case  of  the  Venturi  ejector  —  say, 
.55,  would  be  a  better  figure  to  use.  Within  the  usual  range  of 
service  pressures  the  efficiencies  indicated  by  these  two  equations 
differ  but  very  little.  In  view  of  the  more  erratic  showing  of  the 
pipe  ejectors  and  the  lack  of  data  which  will  enable  a  more  com- 
plete analysis  to  be  made  of  the  entire  problem  of  pipe  ejectors, 
the  formula  given  above  for  the  Venturi  ejectors,  viz.,  C  =  PQ^, 
is  the  preferable  one  of  the  two. 

Mr.  Hazen,  in  his  discussion  of  this  paper,  has  brought  out 
other  relations  which,  together  with  this  equation,  form  the 
fundamental  equations  upon  which  the  design  of  sand  ejectors 
may  be  based. 

Messrs.  Knowles  and  Rice.  It  is  gratifying  to  the  authors 
that  their  endeavors  have  brought  to  light  other  experiments  and 
data  upon  this  interesting  subject,  but  it  is  to  be  regretted  that 
the  results  of  many  other  places  where  work  is  being  done  have 
not  been  chronicled,  that  all  might  have  information  secured 
under  varying  conditions. 

Messrs.  Hazen  and  Langley's  contributions  are  particularly 
interesting  and  notable  additions  to  the  knowledge  of  the  subject. 
The  function  of  the  irrigator,  as  noted  by  Mr.  Hazen,  was  care- 
fully studied  in  our  experiments,  with  results  as  stated  on  page 
104;  where  we  diferentiate  between  the  different  kinds  of  irrigators 
to  use  with  portable  ejectors  as  compared  with  washers.  In  the 
latter  case,  only,  does  there  seem  to  be  an  advantage  with  hori- 
zontal irrigator  in  bottom  of  the  hopper. 

Mr.  Hazen's  formula  and  accompanying  tables  will  undoubtedly 
be  of  aid  in  designing  works  for  this  purpose  and  the  handling  of 
sand  by  water  carriage.  The  authors  had  hoped  to  be  able  to 
thoroughly  compare  these  formulse  with  results  of  their  experi- 
ments, but  time  has  not  permitted,  in  the  desire  to  publish  the 
paper,  which  so  long  has  been  deferred,  and  have  the  information 
available  as  soon  as  possible.  We  have  thought  it  better  to  take 
this  up  at  a  later  date. 
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TOPICAL  DISCUSSION. 

[January   11,    1911.] 

Mr.  Julius  C.  Gilbert.*  Mr.  President,  I  received  a  letter 
this  morning  relating  to  a  small  matter,  but  one,  I  think,  which 
interests  us  all.  It  is  from  the  superintendent  of  the  water  works 
•of  Kingston,  Mass.,  and  is  as  follows: 

Kingston,  Mass.,  January-  9,  1911. 

'Superintendent  Whitman  Water  Department, 
Whitman,  Mass. 

Dear  Sir,  —  Thinking  you  may  have  had  a  case  similar  to  the 
one  I  am  writing  you  about,  I  am  seeking  information  on  what 
they  do  in  other  places  in  cases  of  this  kind. 

Two  years  ago  a  certain  party  applied  for  town  water  and  asked 
to  have  it  metered.  This  I  thought  a  fair  idea,  as  they  would  use 
more  than  an  ordinary  family,  so  I  had  a  1^-in.  connection  made 
to  the  main  and  have  been  supplying  them  from  this.  It  is  our 
custom  to  run  a  service  pipe  of  sufficient  size  to  the  curl)stone 
line  of  sidewalk  and  to  put  on  a  curbcock,  the  applicant  connecting 
on  same  and  running  his  own  pipe  to  house.  In  this  case  we  put 
in  a  frost-proof  meter  on  the  town  side  of  curbcock  instead  of 
putting  it  in  the  house  cellar,  as  the  water  taken  had  to  run  in 
a  H-in.  galvined  iron  pipe  350  ft.  long  through  a  salt  marsh  and 
through  a  river  about  25  ft.  wide.  Some  time  within  the  last 
three  months  this  pipe  burst  in  the  marsh  and  of  course  the  meter 
ran  up  enormously,  registering  some  over  two  hundred  and  fifty 
dollars  worth  of  water.  What  I  would  like  to  know  is  this:  Should 
the  user  pay  for  this  wasted  water  or  should  the  water  depart- 
ment stand  for  the  cost  of  pumping  it? 
Yours  very  truly, 
(Signed)  Frank  A.  Sampson,  Superintendent. 

1  suppose  we  have  all  had  similar  cases,  and  the  question  which 
this  gentleman  would  like  to  have  answered  is  what  water-works 
officials  in  general  do  in  regard  to  such  things.  I  know  you  have 
^11  had  experience  of  this  kind,  and  I  would  like  to  hear  from  some 

♦Water  Rcj^istrar  and  Treasurer,  Whitman,  Mass. 
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of  you  in  regard  to  what  you  think  would  be  a  proper  way  to  make 
a  settlement. 

The  President.  I  would  like  to  ask  Mr.  Gilbert  if  his  super- 
intendent has  answered  the  letter,  and  if  so,  what  he  advised. 

Mr.  a.  R.  McCallum.*  I  answered  Mr.  Sampson's  letter  and 
told  him  that  when  we  had  our  own  pumping  plant  we  used  to 
bear  half  the  loss  in  a  case  like  his.  When  there  was  a  large  loss 
of  water  by  fault  of  the  taker,  we  looked  up  the  meter  reading  for 
the  previous  quarter,  and  charged  him  for  a  like  amount  for  the 
quarter  the  loss  occurred  in,  plus  one  half  the  excess.  As  we  take 
water  now  from  Brockton,  paying  meter  rates,  we  would  have  to 
charge  what  the  water  cost  us.  As  the  Kingston  Department 
own  their  plant,  I  thought  Mr.  Sampson  could  make  the  same 
arrangements  that  we  formerly  did,  or  just  charge  for  the  cost  of 
.pumping. 

Mr.  Frank  L.  Fuller.!  I  think  the  meter  not  having  been 
read  once  in  three  months  emphasizes  the  importance  of  reading 
meters  at  least  once  a  month.  I  think  once  in  three  months  is 
not  often  enough.  If  the  meter  had  been  read  monthly,  a  lot 
of  that  water  would  have  been  saved. 

Mr.  Gilbert.  I  wall  say,  Mr.  President,  that  it  is  common 
among  the  country  water-works  systems  to  read  the  meters  only 
once  in  three  months,  and  I  presume  that  that  is  the  custom  in 
Kingston;  unless  it  is  a  very  large  meter,  where  they  use  great 
quantities  of  water.  In  an  ordinary  case,  if  the  pipe  hadn't  burst,, 
they  would  probably  have  used  not  more  than  five  to  ten  dollars 
worth  of  water  in  the  three  months. 

I  think  that  it  makes  all  the  difference  in  the  world  in  a  case 
like  this  where  a  pipe  is  located  and  under  whose  care  it  is.  We 
all  know  that  there  are  men,  even  in  the  state  of  Massachusetts, 
who  will  use  water  sometimes  when  we  do  not  know  it,  if  they  can 
get  at  it  in  some  way  without  our  finding  it  out.  I  know  that  we 
have  all  had  experiences  of  that  kind.  But  in  a  good,  honest  case,, 
as  I  think  this  to  be,  we  have  usually  divided  it,  as  our  superin- 
tendent has  said.  I  know  we  have  had  occasion  to  study  and  try 
to  locate  a  leak  for  a  month  or  two  before  we  could  find  it,  and  in 
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<'ases  of  that  kind  we  have  always  divided  up  upon  it.  The  water 
works  would  lose  one  half  and  the  proprietor  of  the  house  the 
other. 

Mr.  George  Cassell.*  I  would  like  to  state  the  method  used 
in  Chelsea  with  regard  to  such  cases.  I  have  no  doubt  it  is  similar 
to  that  in  most  other  cities,  in  cases  of  the  kind  that  the  gentle- 
man refers  to,  where  it  is  a  bona  fide  case  of  an  invisible  leak,  and 
it  first  comes  to  the  attention  of  the  consumer  through  the  meter 
reading.  When  the  man  reads  the  meter  and  finds  that  there 
is  an  abnormal  consumption,  and  no  reason  can  be  assigned  for  it, 
we  send  an  inspector  to  ferret  out  the  cause.  If  in  his  report  he 
demonstrates  the  fact  that  the  leak  was  what  is  known  as  an 
invisible  leak,  and  that  there  was  no  way  of  the  consumer  or  the 
water  department  knowing  of  it  except  by  the  meter,  we  take  the 
total  consumption,  subtract  the  normal  consumption  from  that? 
and  split  the  excess  between  the  city  and  the  consumer. 

The  President.  I  will  say,  Mr.  Gilbert,  that  I  believe  that  if 
we  got  the  opinion  of  every  one  here,  it  would  be  that  the  answer 
of  your  superintendent  was  as  equitable  as  any  which  could  be 
given  to  the  cjuestion  you  have  asked. 

Mr.  Leonard  Metcalf.  It  might  in  this  connection  be  of 
interest  to  refer  to  the  practice  of  the  Pennsylvania  Water  Com- 
pany, of  which  ]Mr.  Hawley  is  the  superintendent.  I  remember 
some  months  ago  he  spoke  of  having  a  good  deal  of  trouble  from 
cases  of  this  kind,  not  so  aggravated,  but  where  the  meter  dials 
showed  a  considerable  excess  over  the  normal  monthly  con- 
sumption. Their  limited  earnings  prevent  their  reading  the  meters 
monthly.  They  make  a  practice  of  reading  the  large  meters 
monthly,  but  not  the  small  meters.  As  I  remember  it,  he  had 
something  over  thirteen  thousand  or  fourteen  thousand  meters 
at  the  time.  So  he  established  the  custom  of  giving  to  the  water 
taker  the  option  of  having  the  meter  read  monthly  instead  of 
every  three  months,  by  the  payment  of  a  nominal  charge,  of, 
as  I  remember  it,  one  dollar  a  year,  —  at  all  events,  a  nominal 
charge  to  cover  the  bare  cost  of  the  additional  work  involved  to 
the  water  company.  If,  then,  the  consumer  does  not  choose  to 
take  advantage  of  this  option  and  have  the  meter  read  monthly, 
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and  on  the  three  months'  reading  a  very  large  excess  appears,, 
the  owner  is  charged  with  substantially  the  whole  amount.  I 
will  not  say  that  he  does  not  compromise  the  matter  in  some 
cases,  because  I  don't  know  but  that  he  does,  but  I  know  that  in 
many  cases,  perhaps  in  most  cases,  he  does  not  compromise  it,. 
the  burden  being  assumed  to  be  upon  the  water  taker, 

Mr.  Gilbert.  I  want  to  ask  the  gentleman  if  they  made  the 
bills  once  a  month. 

Mr.  Metcalf.  Under  the  circumstances  cited  they  did,  — 
that  is,  if  the  water  taker  paid  the  charge  covering  the  reading  of 
the  meter.  It  may  be  that  no  bill  was  rendered  if  the  amount  was 
normal,  but  at  all  events,  it  served  to  call  attention  forcibly  to 
existing  leakage. 

Mr.  Fuller.  At  Wellesley,  a  year  or  two  ago,  we  sent  out  a 
card  showing  a  meter  and  the  way  in  which  it  is  read,  explaining 
the  reading  of  the  meter,  and  asked  the  consumers  to  occasionally 
at  least  read  their  meters  and  see  how  the  consumption  was  going 
on.  I  think  that  has  done  some  good,  and  it  has  to  a  certain  extent 
relieved  the  water  board  of  some  responsibility.  However,  we 
have  just  adopted  a  method  whereby  we  have  a  card  which  is. 
placed  near  the  meter,  and  the  reading  for  each  month  is  recorded 
on  that  card,  and  we  call  the  attention  of  the  consumer  to  this. 
It  seems  to  us  that  if  in  case  of  a  leak  we  can  show  the  consumer 
that  he  has  a  record  every  month  of  how  much  water  he  was  using,, 
it  places  still  greater  responsibility  upon  him. 
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REPORT  OF  THE  COMMITTEE  TO  LOOK  AFTER 
AND  KEEP  TRACK  OF  LEGISLATION  AND  OTHER 
MATTERS  PERTAINING  TO  THE  CONSERVATION,  DE- 
VELOPMENT, AND  UTILIZATION  OF  THE  NATURAL 
RESOURCES  OF  THE  COUNTRY. 

[Presented  January  11,  1911.] 

A  detailed  report  from  this  committee  seems  uncalled  for  in 
view  of  the  fact  that  probably  most  of  the  members  of  the  Asso- 
ciation are  as  well  posted  as  the  members  of  the  committee  on 
the  chief  happenings  in  the  conservation  field  during  the  past 
year. 

The  most  notable  conservation  event  of  1910  was  the  Conser- 
vation Congress  held  at  St.  Paul  in  September.  That  little  of 
technical  interest  occurred  at  this  conference  was  the  opinion  of 
a  committee  of  the  Engineers'  Society  of  Western  Pennsylvania, 
which  has  recently  submitted  a  report  to  the  society  named 
urging  that  that  society  lead  in  the  movement  to  establish  an 
Engineering  Section  at  future  conferences.  If  this  suggestion 
bears  fruit,  it  may  be  desirable  for  the  committee  of  this  Asso- 
ciation to  cooperate. 

Large  withdrawals  of  public  lands  containing  mineral  resources 
were  made  about  the  middle  of  the  year  by  President  Taft  under 
specific  congressional  authority.  Considerable  portions  of  the 
land  covered  by  these  withdrawals  had  previously  been  with- 
held from  settlement,  but  President  Taft  and  his  sui)porters 
believed  that  specific  authorization  was  necessary,  and  such 
authorization  was  granted  by  Congress. 

At  the  St.  Paul  Conservation  Congress,  already  mentioned, 
an  address  was  delivered  by  President  Taft,  in  which  he  outlined 
his  own  policies  regarding  many  important  phases  of  conservation. 
On  the  (question  of  water  i)ower,  which  perha]:)s  more  directly 
concerns  the  members  of  this  Association  than  the  other  to])ics, 
the  President  presented  a  somewhat  closely  balanced  judicial 
review  of  many  of  the  points  at  issue.    The  whole  address  is  well 
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worthy  of  careful  reading  and  consideration,  if  for  no  other  reason 
than  because  it  gives  an  up-to-date  inventory  of  the  natural 
resources  still  owned  by  the  United  States. 

A  number  of  states  have  conservation  commissions  at  work, 
but  for  the  most  part  these  commissions  have  done  nothing  as 
yet  save  to  review  the  resources  of  the  states  which  they  represent 
and  to  suggest  lines  for  future  action. 

As  a  whole,  it  cannot  be  said  that  the  conservation  movement 
has  as  yet  resulted  in  very  much  definite  constructive  work,  but 
it  has  served  to  call  emphatic  attention  to  the  need  of  states- 
manlike consideration  of  and  action  upon  the  whole  subject. 
This  has  been  eminently  useful,  since  a  vast  amount  of  educational 
work  in  arousing  interest  and  enthusiasm  was  necessary  in  order 
to  pave  the  way  for  needed  reforms. 

An  announcement  has  just  been  made  of  a  new  illustrated 
magazine  to  be  called  American  Consfrvation.  This  publication 
will,  apparently,  be  the  organ  of  the  National  Conservation 
Association,  which  has  its  headquarters  in  the  Colorado  Building, 
Washington,  D.  C,  and  has  as  its  president,  Mr.  Gilford  Pinchot, 
recently  Chief  Forester  of  the  United  States.  It  is  expected  that 
the  magazine  will  present  its  readers  with  full  information  re- 
garding the  progress  of  the  conservation  movement  ■ —  national, 
state,  municipal,   and  private. 

For  the  committee, 

M.  N.  BAKER, 

Chairman. 


REPORT    OF    COMMITTEE    ON    HYDRANT    SPECIFICATIONS.        137 


REPORT  OF  COMMITTEE  ON  HYDRANT 
SPECIFICATIONS. 

[Presented  January  11,  1911.] 

Mr.  President  and  Gentlemen  of  the  New  England  Water  Works 
Association,  —  On  behalf  of  the  Committee  on  Hyckant  Specifi- 
cations I  wish  to  present  the  following  report. 

In  line  with  the  discussion  of  the  hydrant  specifications  at  the 
annual  meeting  of  the  Association  on  January  12,  1910,  the  com- 
mittee arranged  for  a  joint  conference  with  the  hydrant  manu- 
facturers. This  meeting  took  place  on  February  24,  nine  manu- 
facturers being  represented. 

Practically  all  of  the  important  items  in  the  specifications  as 
proposed  at  the  last  annual  meeting  of  the  Association  were  dis- 
cussed at  length,  and  the  manufacturers  were  requested  to  submit 
to  the  committee  in  writing  such  amendments  and  additions  as 
they  thought  should  be  made  to  the  specifications.  This  they 
agreed  to  do. 

Some  time  later  the  manufacturers  held  one  or  more  meetings 
among  themselves  and  prepared  a  complete  set  of  specifications, 
following  the  general  arrangement  previously  proposed  by  the 
committee,  but  differing  from  those  specifications  in  several  im- 
portant features.  The  manufacturers  sent  the  committee  a  copy 
of  their  specifications  in  printed  form,  with  letter  dated  July  21. 
These  specifications  were  submitted  after  having  been  fully  con- 
sidered by  fourteen  of  the  hydrant  manufacturers. 

It  was  at  once  seen  that  some  of  the  items  were  open  to  serious 
question,  and  at  least  one  of  them  was  manifestly  absurd,  nameh', 
a  specification  to  permit  a  friction  loss  of  twenty  pounds  in  a 
two-way  hydrant  with  two  streams  flowing  (five  hundrcnl  gallons 
per  minute),  whereas  the  present  commercial  hytlrants  give 
probably  much  less  than  five  pounds  under  the  same  conditions. 
However,  the  consideration  of  these  specifications  was  held  for 
the  moment,  pending  the  results  of  tests  of  hydrants,  arrangements 
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for  which  were  then  already  being  made,  as  mentioned  later  in 
this  report. 

The  item  which  perhaps  received  the  most  attention  at  the 
February  conference  was  the  one  relating  to  the  chameter  of  the 
valve  opening,  and  it  was  proposed  by  some  if  not  all  of  the  manu- 
facturers present  that,  as  regards  friction  loss  and  discharge 
capacity,  a  5-in.  opening  was  unnecessarily  large  for  a  two-way 
hydrant,'  and  that  a  4-in.  opening  was  probably  sufficient.  This 
at  once  raised  the  question  as  to  the  friction  loss  and  discharge 
capacity  of  the  present  hydrants  having  4-in.  openings,  but  all 
of  the  manufacturers  agreed  that  they  had  made  no  tests  and  were 
unable  to  give  this  information. 

It  was  promptly  suggested,  therefore,  that  sample  hydrants  be 
tested,  as  the  next  step  in  the  work  of  the  committee,  and  the 
committee  agreed  to  arrange  if  possible  for  the  facilities  for  such 
tests.  The  manufacturers  on  their  part  agreed  to  furnish  what- 
ever hydrants  might  be  desired  by  the  committee  for  this  purpose. 

It  was  thought  that  later  a  second  series  of  tests  might  be  made 
on  hydrants  with  5-in.  valve  openings,  for  comparison  with  the 
results  obtained  in  these  first  series  of  tests  of  hydrants  with 
4-in.  valve  openings. 

During  the  summer  arrangements  for  the  testing  facilities  were 
completed,  thanks  to  Mr.  F.  A.  Mclnnes,  a  member  of  your 
committee  and  also  at  that  time  acting  city  engineer  of  the  city 
of  Boston. 

On  August  27,  a  circular  letter  was  sent  to  the  several  hydi-ant 
manufacturers,  stating  that  the  committee  was  ready  to  begin 
the  work  of  testing,  and  asking  that  sample  2-way  hydrants 
having  4-in.  valve  openings  be  sent  for  the  proposed  tests. 

Several  of  the  manufacturers  at  once  replied  stating  that  the 
hydrants  would  be  sent  promptly.  One  manufacturer,  however, 
who  was  also  represented  on  the  special  committee  appointed  by 
the  manufacturers  to  take  up  this  matter  of  hydrant  specifications 
in  conjunction  with  your  committee,  objected  to  sending  the  hy- 
drants until  certain  details  regarding  the  conduct  of  the  tests  were 
definitely  agreed  upon  by  the  committee. 

It  was  considered  that  some  of  these  points  were  entirely  un- 
important, that  others  were  matters  which  could  not  very  easily 
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be  determined  by  the  committee  until  the  hydrants  were  in  hand, 
and  there  were  still  other  questions  asked  which  it  was  believed 
could  best  be  answered  only  after  the  tests  were  completed.  I 
therefore  WTote  this  manufacturer  along  this  line,  but  evidently 
was  unable  to  satisfy  him,  and  later,  when  the  whole  matter  came 
before  a  meeting  of  the  manufacturers  held  September  20,  they 
refused  to  send  the  hydrants,  among  the  manufacturers  definitely 
taking  this  action  being  those  who  had  previously  expressed  their 
^\^llingness  to  send  the  desired  samples. 

At  the  same  time  the  manufacturers  requested  that  the  com- 
mittee advise  them  regarding  the  specifications  which  they  had 
submitted  to  the  committee  in  July. 

The  only  courses  then  open  to  the  committee  for  obtaining 
hydrants  for  the  tests  appeared  to  be  to  either  buy,  borrow,  or 
steal.  The  Association  had  made  no  appropriation  for  such  an 
unusual  expenditure,  the  chairman  of  the  committee  did  not  know 
where  to  go  to  borrow,  and  we  were  all  too  law-abiding  to  steal. 
We  have,  therefore,  had  no  hydrants  to  test  and  the  tests  have 
not  been  made. 

During  the  past  two  or  three  months  work  incident  to  the 
closing  of  the  year  has  prevented  me  from  giving  the  matter 
further  consideration,  and  I  anticipate  that  the  other  members 
of  the  committee  have  been  in  much  the  same  situation. 

However,  in  order  to  advance  the  work  of  the  joint  consideration 
of  these  specifications  by  the  committees  of  the  National  Fire 
Protection  Association  and  the  American  Water  Works  Associa- 
tion, copies  of  the  specifications  as  proposed  at  the  last  annual 
meeting  of  the  New  England  Water  Works  Association  and  of 
the  specifications  prepared  by  the  hydrant  manufacturers  have 
recently  been  sent  to  the  members  of  those  committees,  and  in 
due  time  it  is  expected  that  a  joint  conference  \v\\\  be  held  to 
further  consider  the  whole  matter. 

While  the  committee  were  familiar  with  the  hydrant  tests  made 
by  Charles  L.  Newcomb  at  Holyoke  in  1897  and  1898,  on  a  number 
of  the  hydrants  then  in  common  use,  it  was  believed  that  tests  on 
the  present  makes  of  hydrants  were  desirable  as  showing  strictly 
up-to-date  conditions.  The  information  which  such  tests  would 
provide  would  be  of  much  value  to  the  committee  in  connection 
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with  the  work  in  hard,  and  we  certainly  expected  that  these  tests 
would  be  made  during  the  past  year,  so  that  we  could  present  to 
the  Association  to-day  a  final  report.  We,  however,  regret  that 
we  are  unable  to  do  this,  and  instead  can  only  report  that  con- 
siderable effort  has  been  made  to  this  end  but  without  practical 
result. 

We  are  particularly  disappointed  that  the  manufacturers  have 
so  signally  failed  to  cooperate  with  the  committee,  refusing  the 
assistance  which  they  easily  could  have  rendered  in  obtaining 
information  which  at  the  February  conference  it  was  considered 
would  be  of  value  to  the  committee  in  connection  with  the  work 
in  hand. 

Just  what  help  the  committee  may  expect  from  the  manufactur- 
ers in  future,  time  only  can  tell;  we  do  not  know.  Neither  do  we 
understand  the  present  attitude  of  the  manufacturers  in  this 
matter  of  hydrant  specifications. 

Under  the  conditions  we  are  obliged  to  recommend  that  the 
specifications  as  printed  in  the  Proceedings  of  the  amiual  meeting 
of  1910  be  still  considered  as  the  tentative  specifications  of  the 
Association;  and  we  would  repeat  the  request  of  a  year  ago  that 
the  committee  be  favored  with  the  suggestions  which  any  member 
of  the  Association  may  have  regarding  this  subject. 
Respectfully  submitted, 

H.  O.  LACOUNT, 

Chairman. 
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REPORT  OF  COMMITTEE  ON  UNIFORMITY  OF  HOSE 
AND  GATE  NUTS  AND  DIRECTION  OF  OPENING. 

BY   FRANK   L.    FULLER. 

[Read  January  11,  191!.] 

Your  committee  owes  an  apology  to  the  Association  for  not 
having  done  anything  since  1906.  At  that  time  a  report  was  made  * 
and  the  committee  continued.  But  the  fact  dropped  out  of  our 
minds,  or  it  did  out  of  mine,  and  it  was  only  on  receiving  a  com- 
munication from  the  Secretary  in  regard  to  it  that  it  was  brought 
to  our  attention  again. 

That  report,  as  you  remember,  was  in  regard  to  the  manner  in 
which  gates  and  hydrants  should  open,  and  the  size  of  gate  nuts, 
and  your  committee  recommended  that  gates  and  hydrants 
should  open  to  the  left,  as  that  seemed  to  be  the  best  way  to  secure 
uniformity,  all  steam  valves  opening  in  that  direction,  and,  of 
course,  a  certain  proportion  of  water-works  valves  and  hydrants. 

At  the  time  of  that  report  the  question  was  brought  up  and  was 
discussed  as  to  independent  valves  which  are  often  placed  in 
three-way  and  four-way  hydrants.  The  question  was  raised  as  to 
the  size  of  the  spindle  and  of  the  nut  operating  the  2|-in.  valve, 
and  the  committee  was  asked  to  report  on  the  matter.  Your 
committee  now  presents  that  report. 

The  Committee  on  Proposed  Specifications  for  Post  Hydrants 
a  year  ago  f  went  into  the  matter  particularly,  and  recommended 
that  the  stems  be  f  in.  in  diameter,  with  a  stem  nut  f  in.  square. 
This  committee  agrees  with  these  suggestions. 

In  regard  to  the  direction  of  opening,  this  committee  is  of  the 
same  opinion  as  expressed  in  our  previous  report,  namely,  that 
unless  there  are  reasons  as  therein  expressed,  they  should  open  to 
the  left. 

While  the  committee  realizes  that  there  are  many  hydrants  in 
use  with  these  independent  hose-gate  valves,  they  feel  that,  except 
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t  Journal  N.  E.  W.  W.  A.,  Vol.  XXIV,  p.  205. 
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perhaps  in  mill  yards  where  they  are  used  by  men  who  are  entirely 
familiar  with  the  direction  of  opening  and  the  amount  of  leverage 
which  should  be  used  in  opening  them,  and  the  number  of  turns 
required,  for  the  use  of  the  average  fireman  it  is  better  to  use  a 
valve  with  a  pioper  sized  handwheel,  screwed  directly  tc  the  hose 
nozzle,  and  the  hose  connected  with  this  2|-in.  gate  valve. 

Hydrants'are  made  with  a  valve  permanently  connected  to  the 
hose  opening,  but  the  projection  of  this  valve' is  objectionable  in 
street  hydrants,  and  they  would  be  liable  to  injury,  as  pointed  out 
by  Mr.  Stacy,  by  the  small  boy  or  the  maliciously  inclined. 

There  are  no  doubt  points,  especially  in  mill  yards,  where  a 
three-  or  a  four-way  hydrant  will  do  excellent  service, but  as  a  four- 
way  hydrant  w  ith  independent  hose  gate  valves  costs  about  double 
an  ordinary  two-way  hydrant,  the  question  may  be  raised  whether 
the  two  two-way  hydrants  are  not  more  desirable.  They  are 
simpler,  and  simplicity  is  always  desirable. 

This  committee  recommends  that  the  fire  department  hose 
wagons  carry  a  sufficient  number  of  gate  valves  which  can  be 
screwed  to  the  hydrants  and  the  hose  attached  to  these  valves, 
the  valves  to  be  operated  by  a  hand  wheel. 

A  letter  dated  December  5,  1906,  from  Mr.  A.  W.  F.  Brown, 
water  registrar,  Fitchburg,  treats  of  this  subject  from  a  practical 
standpoint,  and  the  committee,  therefore,  adds  it  to  their  report. 
Respectfully  submitted, 

F.  L.  FULLER. 
FRANK  C.  KIMBALL. 

Fitchburg,  Mass.,  December  5,  1906. 
Mr.  Frank  L.  Fuller, 

12  Pearl  Street,  Boston,  Mass. 
Dear  Sir,  —  In  reply  to  yours  about  hydrants  with  indeoendent 
valves,  would  say  that  we  have  about  128  foui-way  hydrants  in 
use  on  pressures  from  72  to  180  pounds  to  the  square  inch,  and  they 
are  all  right  if  handled  properly.  They  are  of  the  Chapman  make 
and  are  a  fine  working  hydrant.  The  independent  valves  are  as 
strong  as  the  room  in  the  top  of  the  hydrant  ^vill  allow  of  making 
them,  and  will  stand  all  the  strain  necessary  to  work  the  valves, 
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})ut  they  will  not  stand  a  man  pulling  on  them  with  the  leverage 
that  the  hydrant  wrench  will  give. 

The  firemen  sometimes  leave  the  main  valve  open,  having 
shut  off  the  streams  with  the  small  valves,  and  forgetting  to  close 
the  main  one,  and  the  highway  department  do  the  same.  In 
cold  weather  this  means  a  frozen  hydrant  soon  after.  The  men 
also  get  excited  sometimes  and  try  to  turn  them  the  wrong  way, 
and  in  that  concHtion  something  has  to  come,  and  the  valve  is 
usually  broken.  The  main  valve  will  stand  all  their  pulling  without 
harm,  and  the  small  ones  would  if  they  had  only  the  leverage  that 
there  is  to  a  wheel  valve. 

The  highway  department  sometimes  leaves  the  small  valves 
open  and  the  firemen  start  to  use  it,  and  after  attaching  one  line  of 
hose  and  getting  water,  take  off  another  cap  for  the  second  line, 
receiving  the  full  2|-in.  stream,  and,  flying  over  to  the  other  side 
of  the  road,  wonder  what  hit  them.  We  have  never  had  a  man 
hurt  from  being  hit  this  way,  but  have  had  them  wet  several  times, 
with  narrow  escapes  from  serious  accidents.  Of  course  they  make 
remarks  about  the  water  department,  and  their  lack  of  attention 
to  the  hydrants,  but  as  we  have  not  full  control  over  their  use,  we 
cannot  always  know  when  they  are  used  and  so  look  them  over  to 
see  their  condition.  We  intend  to  look  them  over  after  being  used 
at  a  fire  as  soon  as  the  firemen  are  through. 

We  do  not  have  a  great  amount  of  trouble  from  them,  l)ut  just 
enough  to  convince  me  that  I  would  rather  have  the  hydrants 
without  them,  even  if  we  gave  the  fire  department  a  new  set  of 
valves  every  year  or  two  to  use  on  the  nozzles.  They  carry  a 
valve  on  the  line  of  hose  on  each  wagon  to  use  on  the  two-way 
hydrants,  and  they  could  just  as  well  use  the  others  the  same  way. 
Yours  very  truly, 

(Signed)  A.  W.  F.  Brown, 

Registrar. 

Mr.  George  A.  Stacy.*  Mr.  Brown's  letter  simply  empha- 
sizes the  necessity  of  the  water  department  controlling  the  hy- 
drants, and  also  emphasizes  the  fact  that  hydrants  are  made  for 
fire  service  and  not  for  flushing  streets,  or  to  be  monkeyed  with  by 

*  Superintendent  Water  Works,  Marlboro,  Mass. 
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people  who  don't  know  anything  about  them  and  who  want  to 
use  them  for  all  other  purposes. 

Mr.  Martin.*  I  think  all  of  us  who  have  anything  to  do  with 
hydrants  will  echo  Mr.  Stacy's  remarks.  I  move  that  this  report 
be  accepted  as  a  report  of  progress. 

Mr.  Fuller.  I  think  this  committee  has  been  in  existence 
about  long  enough  and  I  hope  the  report  will  be  accepted  and  the 
committee  cUscharged,  because  this  matter  would  very  naturally 
come  before  the  Committee  to  Prepare  a  Standard  Specification 
for  Fire  Hydrants,  and  it  seems  to  me  unnecessary  to  have  two 
committees  so  nearly  alike. 

Mr.  Julius  C.  Gilbert.!  I  think  this  committee  is  doing  well 
so  far.  I  notice  particularly  that  they  recommend  that  the  valve 
gates  open  to  the  left,  and  after  my  experience  I  should  say  that 
was  right.  It  seems  to  me  that  we  are  going  to  have  pretty  hard 
work  to  get  specifications  for  hydrants  which  will  please  every  one. 
I  can  hardly  wonder  myself  that  the  manufacturers  of  hydrants 
do  not  take  to  this  so  kindly  as  some  of  the  water-works  people, 
for  the  reason  that,  as  you  know,  it  is  pretty  hard  work  to  bring 
all  our  water-works  people  to  the  same  mind  in  regard  to  a  hydrant. 
I  think  that  as  long  as  hydrants  are  made  there  will  be  different 
kinds  or  different  makes  of  hydrants  which  will  differ  in  some 
respects.  This  committee  may. get  up  a  pattern  of  a  hydrant 
which  we  might  feel  perfectly  satisfied  with,  and  in  three  months 
from  now  some  one  will  get  up  a  hydrant  that  is  still  better.  So 
it  looks  to  me  as  though  it  would  be  a  pretty  difficult  matter  to 
get  a  hydrant  that  will  suit  everybody. 

Mr.  J.  C.  Hammond,  Jr.|  When  we  built  our  water  works  the 
question  of  right  or  left  for  gates  and  hydrants  came  up,  and  we 
settled  it  on  the  principle  that  the  normal  condition  of  a  hydrant 
is  closed,  and,  therefore,  the  nut  is  turned  to  the  left,  while  the 
normal  condition  of  a  gate  on  the  main  line  is  open,  and,  therefore, 
we  turn  to  the  right,  and  there  is  no  confusion. 

The  motion  to  accept  the  report  as  a  report  of  progress  was 
adopted. 

*  Superintendent  Water  Works,  Springfield,  Mass. 

t  Water  Registrar  and  Treasurer,  Water  Works,  Whitman,  Mass. 

i  Secretary  and  Treasurer,  Rockville  Water  Company,  Rockville,  Conn. 
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PROCEEDINGS. 
Annual  Meeting. 

Hotel  Brunswick, 
Boston,  January  11,  1911. 
President  King  in  the  chair. 
The  follo^^^ng  members  and  guests  were  present: 

Honorary  Member. 
F.  P.  Stearns. 

Members. 

S.  A.  Agnew,  A.  F.  Ballou,  L.  M.  Bancroft,  G.  W.  Batchelder,  W.  L.  Beals, 

F.  D.  Berry,  J.  W.  Blackmer,  C.  A.  Bogardus,  George  Bowers,  Dexter  Brackett, 
E.  C.  Brooks,  G.  A.  P.  Bucknam,  G.  A.  Carpenter,  George  Cassell,  J.  C.  Chase, 
M.  F.  Collins,  E.  R.  Dyer,  E.  D.  Eldridge,  G.  H.  Finneran,  F.  F.  Forbes,  F.  J. 
Gifford,  J.  C.  Gilbert,  Albert  S.  Glover,  J.  A.  Gould,  F.  H.  Gunther,  R.  A. 
Hale,  R.  K.  Hale,  F.  E.  Hall,  J.  C.  Hammond,  Jr.,  Allen  Hazen,  H.  G.  Holden, 
W.  S.  Johnson,  E.  W-  Kent,  Willard  Kent,  F.  C.  Kimball,  G.  A.  Kimball, 

G.  A.  King,  A.  R.  McCallum,  X.  A.  McMillen,  D.  E.  Makepeace,  A.  E.  Martin, 
W.  E.  Maybury,  John  Mayo,  F.  E.  Merrill,  G.  F.  Merrill,  Leonard  Metcalf, 
William  Xaylor,  A.  S.  Negus,  F.  L.  Northrop,  E.  M.  Peck,  T.  A.  Peirce,  W. 
H.  Richards,  Henry  Roberts,  C.  W.  Sherman,  J.  Waldo  Smith,  G.  H.  Snell, 
G.  A.  Stacy,  W.  F.  Sullivan,  L.  A.  Taylor,  H.  L.  Thomas,  R.  J.  Thomas,  W.  H. 
Thomas,  L.  D.  Thorpe,  J.  L.  Tighe,  J.  A.  Tilden,  D.  N.  Tower,  C.  H.  Tuttle, 
W.  H.  Vaughn,  C.  K.  Walker,  J.  H.  Walsh,  R.  S.  Weston,  H.  L.  Whitney,  F.  B. 
Wilkins,  G.  E.  Winslow.  —  74. 

A.SSOCI.\TES. 

Anderson  Coupling  Company,  by  C.  E.  Pratt  and  C.  E.  Childs;  Ashton 
Valve  Company,  by  C.  W.  Houghton  and  Columbus  Dill;  Harold  L.  Bond 
Company,  by  F.  M.  Bates;  Builders  Iron  Foundry,  by  G.  H.  Lewis  and  A.  B. 
Coulters;  Chapman  Valve  Manufacturing  Company,  by  A.  W.  Hobbs; 
Darling  Pump  and  Manufacturing  Company,  Ltd.,  by  H.  H.  Davis  and  J.  L. 
Hough;  The  Fairbanks  Company,  by  W.  D.  Cashin;  Hersey  Manufactur- 
ing Company,  by  Albert  S.  Glover,  J.  A.  Tilden,  and  W.  A.  Hcrsoy;  Inter- 
national Steam  Pump  Company,  by  E.  F.  Nye;  Lead  Lined  Iron  Pipe  Com- 
pany, by  T.  E.  Dwyer;  Ludlow  Valve  Manufacturing  Coni{)any,  by  H.  F. 
Gould  and  A.  R.  Taylor;    Chas.  Millar  &  Son  Company,  by  C.  F.  Glavin; 
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H.  Mueller  Manufacturing  Company,  by  G.  A.  Caldwell;  National  Meter 
Company,  by  H.  L.  Weston  and  J.  G.  Lufkin;  Neptune  Meter  Company, 
by  H.  H.  Kinsey;  Pittsburg  Meter  Company,  by  F.  L.  Northrop;  Rens- 
selaer Manufacturing  Company,  by  F.  S.  Bates  and  C.  L.  Brown;  A.  P. 
Smith  Manufacturing  Company,  by  F.  N.  Whitcomb;  Thomson  Meter  Com- 
pany, by  E.  M.  Shedd;  Union  Water  Meter  Company,  by  F.  E.  Hall  and  Edw. 
P.  King;  United  States  Cast  Iron  Pipe  and  Foundiy  Co.,  by  D.  B.  Stokes; 
Waldo  Bros.,  by  H.  E.  Browne;  Water  Works  Equipment  Company,  by  H.  M. 
Heim;   R.  D.  Wood  &  Co.,  by  C.  R.  Wood  and  Wm.  Woodburn.  —  35. 

Guests. 

F.  L.  Weaver,  G.  W.  Bowers,  and  E.  H.  Foye,  Lowell,  Mass.;  William 
Harvey,  superintendent  water  works,  and  Joseph  Woods,  water  commis- 
sioner, Pawtucket,  R.  I.;  Alvin  C.  Howes,  Middleboro,  Mass.;  J.  Kelley, 
Braintree,  Mass.;  F.  Woodbury,  2d,  water  commissioner,  Beverly,  Mass., 
and  Raymond  C.  Allen,  Manchester,  Mass.;  H.  P.  Plimpton,  water  commis- 
sioner, Walpole,  Mass.  —  10. 

The  Secretary  read  applications  for  membership  from  Henry 
E.  Warren,  Ashland,  Mass.,  chairman  of  the  water  commissioners, 
Ashland,  Mass.;  and  A.  Lincoln  Fellows,  Denver,  Colo.,  engaged 
in  irrigation  and  water  supply  work,  and  a  member  of  the  Utili- 
ties Commission,  Denver. 

On  motion  of  Mr.  Fuller,  the  Secretary  was  instructed  to  cast 
the  ballot  of  the  Association  in  favor  of  the  applicants,  and  he 
having  done  so,  they  were  declared  elected  to  membership. 

Raymond  C.  Allen,  C.E.,  Manchester,  Mass.,  presented  a 
paper  on  "  The  Gas  Producer  Pumping  Plants  at  Manchester, 
Massachusetts."  The  paper  was  discussed  by  Mr.  Harry  L. 
Thomas,  Mr.  Frank  L.  Fuller,  and  Mr.  John  C.  Chase. 

Mr.  Allen  Hazen  read  the  report  of  Mr.  M.  N.  Baker,  chairman 
of  the  committee  to  "  look  after  and  keep  track  of  legislation  and 
other  matters  pertaining  to  the  conservation  and  development 
and  utilization  of  the  natural  resources  of  the  country." 

On  motion  of  Mr.  Pierce,  the  report  was  accepted  and  ordered 
placed  on  file,  and  the  committee  continued. 

Mr.  H.  O.  Lacount,  chairman,  read  the  report  of  the  committee 
"  to  prepare  a  standard  specification  for  fire  hydrants." 

On  motion  of  Mr.  Fuller,  the  report  was  received  as  a  report  of 
progress,  and  the  committee  continued. 
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Mr.  Frank  L.  Fuller,  chairman,  presented  the  report  of  the 
committee  "  on  uniformity  of  hose  and  gate  nuts,  and  direction 
of  opening." 

The  report  was  discussed  by  Mr.  George  A.  Stacy,  Mr.  Julius 
C.  Gilbert,  and  Mr.  J.  C.  Hammond,  Jr.,  and  was  accepted  as  a 
report  of  progress. 

The  report  of  the  committee  "  to  compile  information  relating 
to  awards  that  have  been  made  in  water-works  valuation  cases," 
H.  W.  Dean,  chairman,  was  called  for.  Secretary  Kent,  in  the 
absence  of  Mr.  Dean,  reported  that  Mr.  Dean  has  endeavored 
faithfully  to  gather  material  for  the  report,  but  has  not  been  suc- 
cessful. He  has  sent  out  two  different  circulars,  \vithout  being 
able  to  secure  sufficient  information  in  response  to  warrant  making 
a  report,  as  people  who  had  the  information  did  not  like  to  part 
with   it. 

The  following  reports  of  officers  of  the  Association  were  received. 
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1910. 


Januarv  17 


24 


February    4 


12 
18 


March    5 


15 


19 

22 
23 


DETAILED    STATEMENT    OF    BILLS    PAID. 

W.  N.  Hughes,  dues  book  and  cards .$10.00 

Samuel  Ii^sher,  advance  copies  Hydrant  Specifi- 
cations       3..50 

Bacon  &  Burpee,  reporting  November  and  De- 
cember meetings .52. .50 

D.  Gillies'  Sons,  printing  ballots  and  envelopes    .  18.50 

The  Brunswick,  music  at  January  meeting  .    .    .  15.00 

Miss  J.  M.  Ham,  salary  for  January 50.00 

Chas.  W.  Sherman,  salary  as  advertising  agent 

to  January  1 56.00 

Richard  K.  Hale,  salary  as  editor  to  December 

31,  1909 75.00 

Richard  K.  Hale,  expenses 7.00 

Samuel    Usher,   December,   1909,  Journal  and 

reprints 886.97 

Boston  Society  of  Civil  Engineers,  rent  to  De- 
cember 1,  1909 100.00 

L.  M.  Bancroft  &  Son,  treasurer's  bond    ....  17.50 

W.  N.  Hughes,  stamped  envelopes  and  printing  .  65.00 

W.  N.  Hughes,  printing 33.00 

The  Brunswick,  lunch,  cigars,  and  music,  Febru- 
ary 4    164.50 

W.  N.  Hughes,  binding  and  blocking 3.55 

Suffolk  Engraving  and  Electrotyping  Company, 

plates 2.80 

Miss  J.  M.  Ham,  salary  for  February 50.00 

Boston  Society  of  Civil  Engineers,  rent  to  Febru- 
ary 28  100.00 

Leonard  Metcalf,  library  research,  1909    ....  21.65 

D.  Gillies'  Sons,  envelopes  and  printing    ....  86.72 

W.  N.  Hughes,  printing 46.50 

The  Brunswick,  lunches,  music,  and  cigars,  March 

9,  1910 171.50 

Thomas  P.  Taylor,  stereopticon 10.00 

Suffolk  Engraving  and  Electrotyping  Company, 

plates 7.05 

J.  C.  Halden,  drawing 2.50 

Richard  K.  Hale,  salary  as  editor  to  March  31    .  75.00 

Richard  K.  Hale,  postage  and  expenses    ....  8.45 
R.  J.  Thomas,    salary  as  advertising  agent  to 

April  1 55.50 

Miss  J.  M.  Ham,  salary  for  March 50.00 

Amount  carried  forward $2  245  69 
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Amount  brought  forward $2  245.69 

March  23     Samuel  Usher,  printing  cards  and  circulars  .    .    .  7.25 
April    4     Samuel    Usher,    printing '  March    Journal    and 

reprints 1  006.85 

Suffolk  Engraving  and  Electrotyping  Company, 

plates 2.68 

13  Allyn    House,    Hartford,    dinners,    cigars,    and 

music 193.58 

16     W.  N.  Hughes,  printing 62.00 

Willard  Kent,  salary  to  March  31      50.00 

Willard  Kent,  expenses 39.98 

22     L.  S.  Cowles,  expense  committee  on  engineering 

building .  15.00 

Bacon  &  Burpee,  reporting    January,    February, 

March,  and  April  meetings 131.30 

30     Miss  J.  M.  Ham,  salary  for  April 50.00 

May  12     W.  N.  Hughes,  printing 18.50 

D.  Gillies'  Sons,  printing      35.25 

14  Chas.  Dunkelberger,  printing 4.00 

Wm.  F.  Woodburn,  stationery 5.60 

28     Suffolk  Engraving  and  Electrotjrping  Company, 

plates 1.28 

28     Boston  Society  of  Civil  Engineers,  rent  to  May  31,  100.00 

Miss  J.  M.  Ham,  salary  for  May 50.00 

Miss  J.  M.  Ham,  expenses 69.90 

June  13     Richard  K.  Hale,  salary  to  June  30 75.00 

Richard  K.  Hale,  express  and  postage 8.70 

16     D.  Gillies'  Sons,  printing      6.00 

Samuel   Usher,    printing   list    of    members    and 

constitution 175.50 

22     R.  J.  Thomas,  salary  to  June  30 63.00 

Providence,  Fall  River  and  Newport  Steamboat 

Company 75.00 

S.  S.  Atwell  Co.,  dinners 74.25 

Geo.  A.  King,  expense    conference    on    Uniform 

Accounting 39.40 

Irving  S.  Wood,  expenses  for  June  outing     .    .    .  40.65 

July     5     D.  Gillies'  Sons,  printing 26.75 

7     Suffolk  Engraving  and  Electrotyping  Company, 

plates 9.41 

Samuel  Usher,  June  Journal  and  reprints  .    .    .  309.20 

12     Miss  J.  M.  Ham,  salary  for  June 50.00 

18     Pulsifer  Paper  Company,  printing 3.50 

Willard  Kent,  salary  to  July  1 50.00 

Amount  carried  forward $5  095.22 
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Amount  brought  forward $5  095.22 

July  18     Willard  Kent,  expenses 5.00 

30  Suffolk  Engraving  and  Electrotyping  Company, 

plates 11.55 

August    5     Miss  J.  J\I.  Ham,  salary  for  July 50.00 

18  Suffolk  Engraving  and  Electrotyping  Company, 

plates 6.72 

31  D.  Gillies'  Sons,  printing  circulars      10.25 

W.  X.  Hughes,  envelopes 3.75 

Miss  J.  M.  Ham,  salary-  for  August 50.00 

September  28     Richard  K.  Hale,  salary  to  September  30     .    .    .  75.00 
Richard  K.  Hale,  copyright  September  Journal,  1.00 
October    5     R.  J.  Thomas,  salar\-  advertising  agent  to  Sep- 
tember 30 63:00 

W.  X.  Hughes,  envelopes  and  printing      ....  49.50 

Miss  J.  M.  Ham,  salary  for  September     ....  50.00 

W.  F.  Woodburn,  fittings  for  exhibit 34.41 

Willard  Kent,  salary  to  October  1      50.00 

Willard  Kent,  expense 31.80 

Samuel  Usher,  reprints 32.74 

Bacon  &  Mudge,  report  of  annual  convention,  110.00 

26     American  Society  of  Civil  Engineers,  binding,  4.00 

Boston  Badge  Company,  badges 51.80 

W.  X.  Hughes,  envelopes 45.00 

Wm.  E.  Whittaker,  tracing  and  lettering      .    .    .  2.50 
November    2     The   Evening  Post  Job  Printing  Office,  electro- 
plate       1.80 

Suffolk  Engraving  and  Electrotyping  Company, 

I                       plates 7.40 

Samuel  Usher,  September  Journal 277.65 

10     Miss  J.  M.  Ham,  salary  for  October      50.00 

Miss  J.  M.  Ham,  expenses 85.01 

W.  X.  Hughes,  printing  circulars 5.00 

Suffolk  Engraving  and  Electrotyping  Company, 

plates 14.85 

23     D.  Gillies'  Sons,  printing 29.50 

The  Brunswick,  lunches,  X'ovember  9 184.50 

December    9     Miss  J.  M.  Ham,  salary  for  Xovember     ....  50.00 
Suffolk  Engraving  and  Electrotyping  Company, 

plates 8.82 

19  Lewis  M.  Bancroft,  salary  as  treasurer     ....  50.00 
Boston  Society  of  Civil  Engineers,  rent  to  De- 
cember 31    233.33 

Amount  carried  forward $6  831.10 
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Amount  brought  forward $6  831.10 

December  31     Bacon  &  Mudge,  reporting  November  and  De- 
cember meetings 49.50 

Miss  J.  M.  Ham,  salarj'  for  December 50.00 

Tlae  Brunswick,  lunch,  music,  and  cigars,   De- 
cember meeting 195.00 

H.  K.  Higgins,  stereoptieon 12.00 

W.  N.  Hughes,  printing  circulars  • 1.50 

Willard  Kent,  salary  to  December  31 50.00 

Willard  Kent,  expenses 10.00 

D.  GilHes'  Sons,  circulars  and  ballots 38.50 


SUMMARY    OF    BILLS  PAID. 
1909  Bills  Paid. 
Office: 

Rent $133.33 

Printing 28.50 

Journal: 

Reporting $52.50 

Printing 886.97 

Editor's  salary  and  expenses 82.00 

Advertising  agent 56.00 

Committees : 

Printing $3.50 

Library  search 21.65 


$7  237.60 


$161.83 


1  077.47 


25.15 


$1  264.45 


1910  Bills  Paid. 
Journal: 

Advertising  agent $181.50 

Plates 74.36 

Printing 1  626.44 

Reporting 290.80 

Editor's  salary 225.00 

Editor's  expenses 23.15 

Envelopes  and  circulars 52.25 


$2  473.50 
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•Office: 

Secretary,  salary S200.00 

Secretary,  expense 86.78 

Assistant  Secretary,  salary 600.00 

Assistant  Secretary,  expense 154.91 

Rent 400.00 

Li.st  of  members 175.50 

Librarj^ 7.55 

Printing,  stationery,  postage 200.25 

$1  824.99 

Meetings  and  Committees: 

Stereopticon $22.00 

Lunches,  cigars,  and  music 924.08 

Badges 51.80 

June  excursion 216.65 

Committee  on  Engineering  Building      .    .    .  15.00 

Committee  on  Uniform  Accounts 39.40 

Committee  on  Exhibit 34.41 

Envelopes  and  postage 118.25 

Printing 98.85 

1  520.44 

Treasurer's  salary  and  bond 67.50 

Stationery 86.72 

$5  973.15 

$7  237.60 
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The  Secretary,  ^Ir.  Willard  Kent,  submitted  the  following 
report : 

Report  of  the  Secretary. 

Mr.  President  and  Members  of  the  Neiv  England  Water  Works 
Association,  —  Your  Secretary  submits  the  following  report  of 
the  general  condition  of  the  Association  and  of  changes  in  the 
membership  for  the  year  ending  December  31,  1910. 

MEMBERSHIP. 

The  present  membership  of  the  Association  is  7-47;  that  of  one 
3^ear  ago  was  715,  a  gain  of  32  during  the  year. 

The  detailed  statement  of  the  changes  in  membership  during 
the  past  year  in  the  several  grades  is  as  follows: 

MEMBERS. 

January  1,  1910.    Total  members 647 

Withdrawals: 

Resigned      10 

Died 6 

Dropped 24       40 

—     607 

Initiations: 

January 3 

February     8 

March      1 

April 12 

June 13 

September 9 

November 3 

December 2       51 

Two  members  elected  in  1909,  but 

qualified  in  1910 2 

53 

Reinstated: 

Member  dropped  in  1907  ....  1 
Members  dropped  in  1909  ....  2 
Member  resigned  in  1909  ....  1 
Members  dropi)ed  in  1910    ....      14  18 

—  678 


156 


PROCEEDINGS. 


HONORARY    MEMBERS. 

January  1,  1910.    Honorary  members 


13 


ASSOCIATES. 

January  1,  1910.    Total  associates 55 

Withdrawals : 

Resigned      4 

Dropped      5         9 

—    46 

Initiations: 

January       1 

April         2 

September       4 

—  7 
Reinstated : 

Associate  resigned  in  190.5 1 

Associates  dropped  in  1910 2         3       56 

January  2,  1911.    Total  membership 747 


D.  H.  Gilderson,  superintendent  water  works,  Haverhill,  March  14,  1910. 

W.  J.  Goldthwait,  Marblehead,  Mass.,  December  7,  1909. 

J.  W.  Goodell,    water   commissioner,  Burlington,    Vt.,    October   9,   1909. 

WiUiam  Jackson,  city  engineer,  Boston,  Mass.,  June  30,  1910. 

C.  H.  Rollins,  water  commissioner,  Watertown,  Mass.,  July  20,  1910. 

N.  P.  Simin,  civil  engineer,  Moscow,  Russia,  July  17,  1909. 


SUMMARY    OF    RECEIPTS    OF    THE    NEW  ENGLAND    WATER   WORKS    ASSOCIATION 
FOR   THE    YEAR    1910. 

Receipts. 

Initiation $275.00 

Dues 2  870.00 

Advertising '  1  736.25 

Subscriptions 168.00 

Journal 196.50 

Lunches 950.00 

Reprints 60.42 

Specifications 43.55 

Sundries 19.74 


319.46 


REPORT   OF    SECRETARY.  157 
SUMMARY   OF  DISBURSEMENTS  CERTIFIED   BY   SECRETARY   FOR  THE   YEAR    1910. 

On  account  of  Journal      .|1  044.02 

Stationery  and  printing      667.55 

Assistant  Secretary      600.00 

Incidental  expenses 298.46 

Rent 533.33 

On  account  of  Editor 1.50.00 

Secretary 200.00 

Advertising  agent 237.50 

June  excursion      189.90 

On  account  of  stenographer 52.50 

Reprints 32.00 

Hotel  lunches 924.08 

Stereopticon      22.00 

Badges 51.80 

Library 6.75 

Insurance 17.50 

Total  of  bills  certified  by  Secretary      $5  027.39 

Additional  bills  paid  per  Treasurer's  report 2  210.21 


.$7  237.60 


There  is  due  the  Association: 

Specifications $2.10 

Advertisements 36.25 

Journal 1.00 


$39.35 
There  are  no  outstanding  bills  against  the  Association. 

WILLARD  KENT,  Secretar^f 
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The  Editor,  Mr.  Richard  K.  Hale,  submitted  the  following 
report : 

Report  of  the  Editor. 

Boston,  January   11,   1911. 

To  the  New  England  Water  Works  Association,  —  I  present  the  following 
report  as  editor  of  the  Journal  of  the  New  England  Water  Works 
Association  for  the  year  1910.  ^ 

The  accompanying  tabulated  statements  show  in  detail  the  amount  of 
material  in  the  Journal;  the  receipts  and  expenditures  on  account  of  the 
Journal  for  the  past  year  (including  the  cost  of  the  December  Journal  and 
reprints,  bills  for  which  were  received  too  late  to  pay  in  1910,  and  which  are 
consequently  not  included  in  the  Secretary's  and  Treasurer's  statements) ;  and 
a  comparison  with  the  conditions  of  preceding  years. 

Size  of  Volume.  — ■  The  volume  is  considerably  larger  in  total  pages  and 
pages  of  text  than  that  of  any  preceding  year. 

Illustrations.  — -The  total  cost  of  illustrations  for  the  year,  including  print- 
ing, has  been  $127.11,  or  3.7  per  cent,  of  the  gross  cost  of  the  volume. 

Reprints.  —  The  usual  fifty  reprints  of  papers  have  been  furnished  to 
authors  without  charge.  There  have  been  no  advance  copies  of  papers 
prepared  during  the  year.  The  net  cost  to  the  Association  for  reprints  and 
advance  copies  has  been  $143.74  (assuming  that  the  December  reprints 
chargeable  to  members  are  promptly  paid  for). 

Circulation.  —  The  present  circulation  of  the  Journal  is: 

Members,  all  grades 747 

Subscribers 56 

Exchanges 24 

Total      827 

an  increase  of  25  over  the  preceding  year. 

Advertisements.  —  The  December  issue  contained  27  pages  of  paid  adver- 
tising, which,  if  maintained  throughout  the  year,  would  mean  an  annual 
income  from  this  source  of  $1  870.  A  year  ago  the  figures  were  23i  pages  and 
%\  640,  showing  considerable  increase  during  the  year. 

Pipe  Specifications.  —  During  the  year  the  specifications  for  cast-iron  pipe 
to  the  value  of  $43.55  have  been  sold.  Five  hundred  copies  have  been  printed, 
at  a  cost  of  $27.50,  representing  a  net  gain  of  $16.05  for  the  year.  The  net 
gain  up  to  a  year  ago  had  been  $191.20,  so  that  the  total  net  gain  from  this 
source  to  date  is  $207.25.  There  are  still  about  one  hundred  and  forty-eight 
copies  of  specifications  on  hand,  or  about  $14.80  worth  if  sold  at  retail. 

The  Association  has  a  credit  of  $0.98  at  the  Boston  Post-office,  being  the 
balance  of  the  money  deposited  for  payment  of  postage  upon  the  Journal  at 
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pound  rates.     There   are    no   outstanding  bills  against  the  Association  on 
account  of  the  Journal,  which  are  not  included  in  these  tables. 
Respectfully  submitted, 

RICHARD    K.    HALE,    Editor. 


TABLE  No.  1. 

Statement  of  Material  in  Volume  XXIV,  Journal  of  the  New 
England  Water  Works  Association,  1910. 


Date. 

Pages  of 

1 

s 
5 
iz; 

H 

n 

o 

.5* 
2 

a 

a) 

B 

2 

a 

a 

■■§ 

<u 
>• 

a 

3 
.§ 

6 

o 

5 
2 
3 

4 

March      .... 

June 

September  .    .    . 
December    .    .    . 

220 
73 
71 

204 

38 

13 

3 

21 

258 
86 
74 

225 

2 

2 

8 

27 
30 
30 
32 

4 
4 
4 
4 

1 
2 
9 
6 

290 
122 
119 

277 

1 

6 
19 
12 

Total    .    .    . 

568 

75 

643 

4     8 

119 

16 

18 

808 

38 

TABLE  No.  2. 

Receipts  and  Expenditures  on  Account  of  Volume  XXIV,  Journal 
OF  THE  New  England  Water  Works  Association,  1910. 


Receipts. 

Expenditures. 

From  advertisements    . 

.     $1  750.00 

For  printing  Journal  .    . 

$2  354.71 

From  sale  of  Journal  . 

204.50 

For  preparing  illustrations. 

79.36 

From  sale  of  reprints     . 

34.25 

For  editor's  salary     .    .    . 

300.00 

Subscriptions 

168.00 

For  editor's  incidentals     . 
For    advertising    agent's 

30.70 

$2  156.75 

commissions 

250.00 

Net  cost  of  Journal     . 

1  334.06 

For  advertising  incidentals. 

7.25 

For  reporting 

290.80 

For  reprints 

177.99 

$3  490.81 

$3  490.81 
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Report  of  Auditing  Committee. 

Boston,  January  11,  1911. 
We  have  examined  the  accounts  of  the  Secretary  and  Treasurer  of  the  New 
England  Water  Works  Association,  and  find  the  books  correctly  kept  and  the 
various  expenditures  of  the  past  year  supported  by  duly  approved  vouchers. 
While  the  gross  income  has  shown  an  increase  of  some  twelve  hundred 
dollars,  the  expenditures  have  increased  in  a  still  greater  ratio,  and  the  assets 
of  the  Association  show  a  decrease  of  about  seven  hundred  dollars. 

Respectfully  submitted, 

JOHN   C.   CHASE, 
GEORGE  H.   FINNERAN, 

Auditing  Committee. 

On  motion  of  Mr.  Stacy,  it  was  voted  that  the  reports  of  the 
Secretary,  Treasurer,  Editor,  and  Auditing  Committee  be  accepted, 
placed  on  file,  and  printed. 

Mr.  Charles  W.  Sherman,  chairman,  presented  a  report  from 
the  committee  "  on  information  as  to  the  conditions  under  which 
extensions  of  water  mains  are  made  by  town-owned  water  sup- 
plies." 

On  motion  of  Mr.  Bancroft,  it  was  voted  to  accept  the  report 
and  to  discharge  the  committee. 

Mr.  King,  the  retiring  President,  at  this  point  made  his  annual 
address. 

President's  Address. 
Members  of  the  New  England  Water  Works  Association  : 

Gentlemen,  —  At  this  meeting  you  expect  and  are  entitled  to 
receive  from  your  officers  a  record  of  their  stewardship.  This 
has  been  given  you.    Reference  to  a  few  matters  may  be  pertinent. 

Our  membership  has  increased  in  numbers  32  during  the  year,  — 
a  gain  of  1  in  the  associate  list  and  31  in  the  active  list.  The 
balance  is  on  the  right  side,  and  therefore  we  may  take  a  hopeful 
view  of  the  condition;  but  a  gain  of  5  per  cent,  annually  is  not 
what  it  should  be.    It  can  be  increased  only  by  individual  effort. 

The  report  of  receipts  and  expenditures  shows  a  draft  on  our 
surplus  to  pay  current  expenses.  The  overdraft  wiW  be  greatly 
reduced  when  a  balance  sheet  is  struck  off  after  the  issue  of  the 
December  Journal,  the  cost  and  receipts  for  which  justly  ])clong 
in  the  accounts  of  1910. 
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This  association  has,  during  the  year,  been  in  conference  with 
other  organizations  in  several  important  matters. 

We  were  invited  to  be  represented  by  a  delegate  in  the  Boston- 
1915  Movement,  and  Vice-President  Mclnness  was  selected  for  the 
position. 

The  movement  for  erecting  a  building  for  the  headquarters  of 
the  various  scientific  and  technical  societies  in  Boston  received 
fresh  impetus  early  in  the  year  and,  under  the  leadership  of 
Professor  Hollis,  representing  the  Mechanical  Engineers,  has  con- 
tinued its  activities  throughout  the  year.  Vice-President  Metcalf 
is  our  representative  on  the  general  committee. 

A  conference  on  "  Uniform  Accounting  for  Water  Works  "  was 
held  at  Washington  in  May,  at  which  this  association  was  repre- 
sented by  its  President.  A  report  was  agreed  upon  which  has  not 
been  published.  The  final  draft  of  the  report  was  left  in  the 
hands  of  a  committee,  and  it  is  understood  that  they  are  revising 
certain  technical  features.  The  result  of  this  conference  will 
probably  tend  to  bring  the  various  state  authorities  to  more 
uniform  methods  in  their  demands  for  accounting  by  the  different 
works  under  their  jurisdiction. 

Delegates  were  appointed  to  represent  this  Association  at  the 
Conservation  Congress  at  St.  Paul ,  and  their  report  was  given  at 
the  annual  convention  in  Rochester. 

The  success  of  the  special  meeting  in  Hartford  in  April  may  be 
largely  attributed  to  the  work  of  the  local  meml^ers.  It  was  an 
experiment  worthy  of  repetition. 

In  one  matter  I  was  unable  to  convince  the  Executive  Committee 
of  the  desirability  of  a  change  I  advocated.  Being  strongly  con- 
vinced of  the  somichiess  of  my  position,  I  ^vish  to  make  it  a  matter 
of  record.  An  organization,  with  members  scattered  all  over  the 
world,  and  seven  hundred  in  number,  doing  a  publishing  business  of 
13  000  per  year,  should,  I  believe,  be  incorporated. 

I  wish  to  express  here  my  deep  appreciation  of  the  loyal,  efficient 
work  of  the  members  of  the  Executive  Committee  and  to  acknowl- 
edge that  to  them  belongs  the  credit  for  any  measure  of  success 
attained  during  the  year,  also  to  express  my  thanks  to  the  members 
of  the  Association  for  their  many  kindnesses. 

Early  in  the  year  I  conceived  the  idea  of  collecting  data,  hoping 
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at  this  time  I  might  interest  you  by  giving  a  glimpse  into  the 
field  of  water-works  activities  in  1910. 

It  can  be  but  a  glimpse,  as  time  would  not  permit  to  give  even 
a  list  of  the  places  where  new  systems  are  being  constructed,  where 
radical  and  extensive  changes  in  old  works  are  being  made,  where 
high-pressure  fire  sj^stems  are  being  planned,  where  larger  ])umj)ing 
plants  are  being  installed,  where  a  revision  of  rates  is  being  agi- 
tated, where  a  more  complete  system  of  metering  is  demanded, 
and  where  purer  water  through  some  method  of  sterilization  or 
filtration  is  a  necessity  which  is  being  cared  for.  The  wealth  of 
material  makes  the  labor  of  eliminating  enough  to  bring  this 
address  ^vithin  the  time  at  our  disposal  a  most  difficult  task.  Only 
the  largest  undertakings  and  those  of  the  best-known  localities 
can  be  mentioned  unless  some  special  feature  seems  to  demand  it. 
The  material  here  presented  is  from  printed  articles  in  engineering 
and  technical  literature,  and  is  not  given  from  first-hand  in- 
formation. Conflicting  articles  have  prevented  the  use  of  some 
material.  With  these  general  statements  let  us  turn  to  some  of 
the  work  going  on  abroad. 

In  the  early  part  of  the  year  the  Prince  of  Wales  (now  King 
George)  turned  on  the  additional  sources  of  water  supply  which 
marked  the  completion  of  the  Vrynwy  water  scheme  for  Liverpool 
and  the  subm'ban  district  of  215  sq.  miles  outside  the  city. 

The  scheme  was  sanctioned  by  Parliament  in  1880.  To  carry 
it  out,  \allages,  schools,  and  churches  had  to  be  demolished,  and 
their  site  submerged  some  80  ft.  A  reservoir  was  built  containing 
more  than  12  thousand  million  gallons.  An  aqueduct  68  miles 
long  was  constructed,  and  mountains  have  been  tunneled  to 
bring  the  water  of  two  other  valleys  to  this  reservoir.  The  total 
cost  has  been  £3  000  000. 

London  is  just  completing  a  reservoir  for  storage  of  water  from 
the  river  Lea.  The  reservoir  is  two  thirds  of  a  mile  wide  and  a 
mile  and  two-thirds  long,  and  to  guard  against  damage  by  large 
waves  it  is  divided  into  two  sections  by  a  wall.  The  bed  of  the 
reservoir  is  in  clay  and  the  sides  lined  partly  with  brick  and  partly 
with  cement.  It  cost  $2  750  000.  London  has  62  other  reservoirs 
with  capacity  of  8  913  million  gallons  which  will  sujiply  the  city 
39  clays.     The  new  reservoir  will  add  13  days'  suppl}-. 
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The  Metropolitan  Water  Board  of  London  will  ask  sanction  of 
Parliament  for  a  scheme  to  provide  a  series  of  reservoirs  in  the 
Thames  Valley.  It  will  require  twenty  years  for  their  construction 
and  they  will  cost  $55  000  000. 

Works  which  have  cost  $20  000  000  were  recently  opened  in 
Vienna  by  the  Emperor  Francis  Joseph  with  impressive  ceremonies. 
The  supply  is  brought  100  miles,  from  "  delicious  Alpine  springs  " 
at  a  height  of  6  000  ft.  above  the  sea.  It  requires  forty-eight  hours 
for  the  water  to  reach  the  city.  Vienna  claims  it  has  the  best 
water  supply  in  the  world. 

In  Granada  the  old  system  of  water  supply,  which  through 
neglect  has  long  refused  to  work,  has  been  repaired  under  Senor 
Crudaye,  an  architect,  and  the  famous  fountains  in  the  Alhambra 
are  playing  again. 

Jerusalem,  with  80  000  inhabitants,  depends  almost  entirely 
on  rain  for  water  supply,  which  is  about  27  in.,  and  this  is  stored  on 
roofs  in  cisterns.  Various  efforts  have  been  made  since  King 
Solomon's  time  to  secure  a  supply  for  the  city.  There  are  three 
reservoirs  known  as  Solomon's  Pools  about  seven  and  one-half 
miles  nearly  south  of  the  city,  which  will  hold  3  000  000  gallons  of 
water.  These  are  filled  with  water  from  the  hills  in  rainy  weather. 
From  these  pools  a  masonry  aqueduct  built  by  King  Solomon 
carried  water  to  the  temple  at  Jerusalem;  at  one  point  it  runs 
through  a  mountain  in  a  tumiel.  In  the  sixteenth  century  this 
was  remodeled  by  Mohammedans. 

In  the  second  century  the  Romans  had  an  ambitious  scheme  to 
bring  water  through  an  aqueduct  some  20  miles  long,  but  seemed 
unable  to  finish  it.  In  1901,  the  authorities,  aroused  by  serious 
shortage,  repaired  King  Solomon's  aqueduct,  using  iron  pipe  in 
places.  The  supply  is  but  a  trifle  to  the  city's  need.  Parliament, 
in  Constantinople,  granted  the  municipality  a  right  to  appropriate 
hides  of  all  animals  slaughtered  in  Jerusalem  as  a  tax  to  produce 
a  fund  with  which  a  water  supply  could  be  secured.  The  city 
proposes  to  make  a  large  loan  and  to  repay  it  by  this  tax  and 
receipts  for  water.  A  Bremen  firm  has  made  a  proposition,  now 
under  consideration  by  a  committee  of  the  city  government,  to 
pump  Ain  Farrah  water  into  Jerusalem,  piping  each  house  and 
charging  for  same  1.25  francs  (about  24  cents)  per  cubic  meter. 
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To  any  one  paying  in  advance  1  500  francs,  they  offer  to  furnish 
one  cubic  meter  per  day  for  thirty  years.  About  75  cu.  m.  are 
allowed  to  the  city  free  and  the  balance  at  half  price.  The  whole 
work  is  to  become  the  property  of  the  city  in  thirty  years. 

An  elevated  reservoir  has  been  under  construction  at  Calcutta. 
The  city  has  been  supplied  by  direct  pumping.  There  was  diffi- 
culty in  designing  a  reservoir  as  it  must  rest  on  the  crust  of  earth 
not  more  than  20  ft.  thick  underlaid  by  soft  silt  and  must  be  built 
to  resist  earthquakes,  although  these  are  not  very  severe  there. 
The  reservoir  built  is  a  steel  tank  320  ft.  square,  16  ft.  deep,  and 
raised  90  ft.  above  the  ground  on  steel  columns.  The  column 
footings  consist  of  a  reinforced  concrete  bed  340  ft.  square  and  2.5 
ft.  thick;  in  some  places  short  piles  were  driven.  The  structure  and 
contents  weigh  about  70  000  tons,  or  a  pressure  of  about  1  200  lb. 
per  square  foot. 

Pekin's  600  000  inhabitants,  until  the  present  year,  never  had 
a  public  water  supply.  Since  the  foundation  of  the  city  in  the 
thirteenth  century,  they  have  depended  on  private  wells,  which 
for  many  years  have  been  fertile  sources  of  disease. 

A  few  months  ago  a  local  company  of  Chinese  got  together  a 
capital  of  $2  000  000,  and  city  works  were  built.  Water  is  obtained 
from  a  mountain  stream  10  miles  northeast  of  Pekin.  It  is  carried 
to  settling  tanks,  then  filtered  through  river  sand  and  finally 
pumped  to  three  city  reservoirs  with  combined  capacity  of 
1  200  000  gal.  The  daily  capacity  of  the  plant  is  3  500  000  gal. 
A  curious  method  of  delivery  is  in  use;  the  water  runs  from  a 
water  tower  to  420  street  hydrants,  each  manned  by  a  coolie, 
where  it  is  retailed  at  so  much  per  quart  or  gallon. 

Twenty  progressive  consumers  have  had  pipes  carried  directly 
to  their  premises,  where  meters  are  installed.  The  rate  is  20  cents 
per  1  000  gal.  The  company  is  now  endeavoring  to  popularize 
bathing,  to  increase  the  trade  in  water. 

An  increased  supply  of  water  for  Honolulu  has  been  obtained 
by  the  l)uilding  of  the  largest  dam  on  the  island  at  a  cost  of 
$300  000.  The  new  dam,  which  is  known  as  the  Nuaun,  will 
impound  enough  water  for  many  months'  supply  for  the  city. 

At  the  celebration  of  the  Mexican  Centennial  of  IndeixMidcnce 
on  September  21,  in  the  presence  of  a  large  gathering  of  officials 
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and  guests,  a  new  water  system  for  Mexico  City  was  inaugu- 
rated. 

An  additional  supph^  for  Vancouver,  B.  C,  was  necessitated  by 
the  rapid  increase  of  population.  Water  will  be  taken  from  Sey- 
mour Creek,  7  miles  above  its  mouth,  at  an  elevation  of  465  ft. 
above  the  sea.  The  pipe  line  has  four  and  one-third  miles  of  30-in. 
and  36-in.  wood  stave  pipe  and  the  rest  is  made  of  lap  welded 
steel  pipe.  A  distribution  reservoir  of  24  000  000  gal.  capacity 
will  be  built  at  an  elevation  of  395  ft.  above  the  sea.  The  bottom 
and  side  slopes  are  to  be  of  concrete. 

The  Pacific  coast  of  our  country  has  been  the  scene  of  unusual 
activity  in  water-works  matters.  The  Los  Angeles  project, 
probably  exceeded  in  magnitude  by  only  one  other  in  the  world, 
has  been  pushed  and  is  now  nearing  completion.  Little  of  the 
work  is  done  by  contract  but  is  done  by  the  men  employed  directly 
by  the  city.  Early  in  the  year  a  delay  was  occasioned  by  a  failure 
in  the  furnishing  of  money  by  the  sale  of  the  bonds,  and  nearly 
the  entire  force  was  laid  off  for  a  time. 

We  get  but  a  faint  idea  of  the  magnitude  of  this  scheme  when 
we  are  told  that  240  miles  of  aqueduct  are  to  be  built  at  a  cost  of 
$24  500  000,  and  that  an  estimate  of  the  quantity  to  be  obtained  is 
260  million  gallons  per  day.  Some  of  the  items  help  us  in  our 
attempt  to  conceive  its  vastness.  Five  thousand  men  have  been 
employed  upon  the  work  this  year,  80  000  acres  of  land  have  beeii 
bought,  500  buildings  have  been  erected,  240  miles  of  telephone 
and  230  miles  of  road  constructed.  A  cement  mill  has  been 
equipped,  capable  of  turning  out  1  000  barrels  per  day.  The 
Southern  Pacific  has  a  contract  to  convey  20  000  000  ton-miles. 
The  courage  and  confidence  in  their  future  is  manifest  in  the  vote 
of  the  city  endorsing  the  scheme,  which  was  virtually  to  tax  them- 
selves $88  per  capita.  The  vote  stood  21  918  in  favor  and  only 
2  128  against  the  project. 

San  Francisco,  on  January  14,  1910,  voted  on  two  propositions 
for  a  water  supply  which  would  lead  to  a  change  from  private  to 
municipal  ownership  of  system.  The  vote  was  by  a  large  majority 
in  favor  of  the  Hetch  Hetchy  project.  The  permission  granted 
the  city  for  the  use  of  this  valley  by  former  Secretary  of  Interior 
Garfield  has  been  suspended  and  final  decision  postponed  until 
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j\Iay  1,  1911.  Meantime  measures  looking  to  a  compromise  so 
that  the  city  may  buy  the  Spring  Valley  Water  Company  property 
are  under  consideration. 

A  proposition  of  the  People's  Water  Company  to  sell  its  eatire 
holdings  to  the  city  of  Oakland,  Cal.,  for  $18  500  000  has  been 
before  the  city  council  of  that  city.  The  district  served  by  this 
company  includes  Oakland,  Berkeley,  Alameda,  Richmond, 
Pinola,  San  Pablo,  San  Leandro,  and  several  smaller  towns.  The 
above  proposition  has  stirred  to  vigorous  action  a  rival  company, 
the  Bay  Cities'  Water  Company.  Fifty  canvassers  have  been  at 
work  for  the  latter  company,  and  the  people  are  said  to  be  signing 
contracts  for  the  water  by  the  thousands,  and  the  water  problem 
for  the  east  side  of  San  Francisco  Bay  is  said  to  be  solved. 

At  Seattle,  AVash.,  improvements  are  in  construction,  with  others 
in  contemplation .~  Seattle  expects  to  secm-e  as  large  a  supply  of 
pure  water  as  Los  Angeles  at  about  one  third  the  cost. 

At  Portland,  Ore.,  a  third  water  main  under  the  Willamette 
River  is  about  to  be  laid  which  will  increase  the  city's  supply  by 
50  000  000  gal.  per  day,  at  a  cost  of  -SI 25  000. 

The  question  of  a  municipal  supply  for  Denver,  Colo.,  is  agitating 
that  city.  The  Denver  Union  Water  Company  ask  $14  400  000, 
the  appraised  value,  for  their  plant  which  the  public  utilities  com- 
mission says  is  worth  but  $6  405  000.  The  voting  taxpayers  have 
refused  a  renewal  of  the  franchise  of  the  company.  A  suit  has  been 
filed  in  the  interest  of  the  company  in  the  United  States  District 
Court  asking  an  injunction  to  restrain  the  city  from  holding  an 
election  to  authorize  an  $8  000  000  bond  issue  for  the  construction 
of  new  works. 

After  eight  years  of  litigation,  Omaha,  Neb.,  has  voted  to  buy 
the  works  of  the  Omaha  Water  Company  at  the  valuation  of  the 
appraisers.  Its  vote  has  been  sustained  by  the  court,  and  the 
company  must  accept  the  amount  of  the  appraisal,  $6  263  295, 
although  the  company's  stock  and  bonds  represent  $11  750  000. 

Work  upon  the  intake  tunnel  for  the  Buffalo  Water  Works, 
begun  some  three  years  ago,  has  continued  and  is  ncaring  comple- 
tion. This  tunnel  is  about  11  000  ft.  long.  Buffalo  has  spent 
ujnvards  of  $3  000  000  in  the  improvement  of  the  works. 

Baltimore,  ;Md.,  has  adopted  a  plan  of  improving  her  water 
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supply  at  an  estimated  cost  of  S6  630  000.  A  new  reservoir  is  to 
be  built  in  Gunpowder  Valley.  Coagulating  and  settling  basins 
will  be  built  and  used  with  sand  filtration. 

The  biggest  water-works  scheme  in  the  world  *is  that  under 
construction  for  Greater  New  York.  This  project  was  organized 
in  1905,  but  construction  work  was  not  begun  until  February, 
1908.  Briefly,  the  project  is  to  impound  water  in  the  valleys  near 
the  Catskill  Mountains  and  bring  it  about  92  miles  to  New  York 
at  a  cost  of  $162  000  000.  It  is  expected  the  supply  will  be  500 
million  gallons  per  day.  The  impounding  dam,  known  as  the 
Olive  Bridge  dam,  is  being  built  and  is  said  to  be  second  in  size  in 
the  world.  It  will  impound  127  thousand  million  gallons.  About 
one  half  of  the  work  on  this  project  is  now  under  contract.  The 
Ashokan  Reservoir  on  the  Esopus  Creek  is  now  under  construction. 
It  will  be  12  miles  long  and  one  to  two  miles  wide. 

In  this  scheme  there  are  35.4  miles  of  pressure  tunnels  and 
13.8  of  gradient  tunnels.  Work  is  in  progress  upon  several  of 
these  tunnels.  At  one  of  them,  the  Wallkill,  the  contractors  have 
established  a  hospital  to  accommodate  18  patients  and  employ  a 
resident  surgeon.  There  are  said  to  be  11  000  men  at  work  upon 
the  whole  scheme  and  270  policemen  are  employed  for  the  protec- 
tion of  persons  and  property. 

In  connection  with  this  scheme  a  deep  rock  pressure  tunnel  for 
the  distribution  of  the  water  to  various  parts  of  Greater  New  York 
has  been  adopted.  This  tunnel,  as  planned,  will  be  17.5  miles  long 
and  200  ft.  below  the  surface  of  the  street.  It  will  cost  from 
$25  000  000  to  $50  000  000.  Contracts  are  about  to  be  executed 
for  this  work. 

We  would  belie  our  name  if  no  New  England  work  was  mentioned. 
Pittsfield,  Mass.,  has  authorized  an  extension  of  the  system  of 
suppy  to  cost  $500  000.  A  stone  and  concrete  dam  will  be  built 
to  store  440  000  000  gal. 

Springfield,  Mass.,  early  in  the  year  began  to  use  the  water  of 
their  new  supply  taken  from  the  Little  River  in  Westfield. 

Portland,  Me.,  is  rebuilding  its  works.  The  contract  has  been 
let  for  laying  14  miles  of  main.  The  cost  will  be  nearly  $1  000  000. 
The  contractor  is  said  to  be  using  machinery  in  excavating  for 
the  pipe  trenches. 
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Power  and  Pumps. 

We  note  almost  innumerable  instances  of  pumping  plants 
uadergoing  changes  and  having  additions  made  to  them.  Frequent 
mention  is  made  of  gas-producer  plants,  gas  engines,  and  electric- 
driven  pumps.  The  latter  is  not  confined  to  the  smaller  pumps, 
twelve  million  gal.  daily  are  pumped  with  electric  pumps  in  Duluth 
and  one  of  20  000  000  gal.  capacity  is  recommended  for  Minne- 
apolis. Gas-producer  plants  have  been  rapidly  increasing  in 
number  and  in  amount  of  power  produced.  During  1909,  their 
power  was  nearly  doubled  and  the  number  of  plants  increased 
70  per  cent.  The  same  increase  for  1910  is  probable.  The  steam 
turbine  is  being  ^\^dely  used. 

An  engine  advocated  as  a  valuable  auxihary  of  the  steam  tur- 
bine is  the  rotary.  Several  working  models  of  these  engines  have 
attracted  considerable  attention  during  the  year,  and  their  in- 
ventors claim  that  they  have  perfected  a  practical  engine.  For 
more  than  one  hundred  and  twenty-five  years  inventors  have 
attempted  to  build  a  successful  engine  of  this  type  and  it  is  said 
that  Westinghouse  has  spent  three  quarters  of  a  million  dollars 
in  the  endeavor  to  produce  one.  Tests  have  recently  been  made 
with  rotary  engines  of  20  h.p.  to  25  h.p.  ^\ith  gratifying  results. 
Whether  engines  of  large  horse-power  of  this  type  can  be  built, 
remains  to  be  developed.  Some  of  the  advantages  claimed  for 
this  type  are  the  small  space  they  occupy  and  the  small  amount  of 
vibration  as  well  as  economy  of  power. 

Tanks. 

Reinforced  concrete  is  being  more  and  more  used  in  building 
tanks  and  standpipes.  The  pictures  of  those  being  built  empha- 
size the  variety  of  forms  which  this  material  allows.  We  find  the 
plain  round  tank  whose  bottom  is  on  the  ground  and  which  has 
an  open  top  and  the  tank  on  concrete  pillars  112  ft.  high  which  has 
a  concrete  roof.  Concrete  reservoirs,  both  open  antl  covered, 
are  being  built  all  over  the  country.  The  Southern  Pacific  Rail- 
road are  building  tanks  to  hold  60  000  gal.  These  have  a  bottom 
supported  by  a  dome  built  of  reinforced  concrete. 

At  Syracuse,  a  handsome  standpipe  of  steel  with  an  outside 
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protecting  wall  of  vitrified  brick  and  artificial  stone  has  been 
built. 

High-Pressure  Systems. 

An  emergency  high-pressure  service  h^s  been  put  in  operation 
at  Jacksonville,  Ga.  It  has  five  miles  of  mains  from  8  in.  to  20  in, 
in  diameter.    It  uses  electric  motor  driven  pumps. 

Oakland,  Cal.,  has  completed  a  salt-water  fire  protection  system 
giving  a  pressure  of  150  lb.  per  square  inch  at  hose  nozzles.  The 
part  of  the  system  now  built  encircles  seventy  blocks  in  the  busi- 
ness district. 

The  high-pressure  fire  main  service  has  been  extended  in  the 
northeast  or  mill  section  of  Philadelphia.  The  mains  are  from 
10  in.  to  20  in.  in  diameter  and  there  will  be  300  lb.  working  press- 
ure when  in  service.  This  system  is  claimed  to  be  the  most  com- 
plete and  powerful  fire-fighting  apparatus  in  the  world.  It  is 
estimated  to  cost  $2  000  000. 

Camden,  N.  J.,  has  authorized  the  issuing  of  bonds  to  the 
amount  of  $400  000  for  an  auxiliary  water  plant  for  fire  and 
commercial  purposes. 

Cleveland,  Ohio,  is  considering  the  installation  of  a  high-pressure 
pumping  station.  High-pressure  mains  have  already  been  laid 
which  are  supplied  with  water  by  tug  boats.  Toledo,  Ohio, 
Joliet  and  Blooming-ton,  111.,  are  considering  the  installation  of 
high-pressure  mains  for  fire  protection,  and  extensive  additions 
are  being  demanded  in  Boston,  Mass. 

Six  hundred  thousand  dollars  is  being  spent  in  Baltimore,  Md., 
for  a  high-pressure  fire  system  capable  of  supplying  29  000  gal. 
per  minute.  It  is  designed  so  as  to  take  its  supply  either  from  the 
city's  mains  or  from  the  river,  the  latter  to  be  used  in  an  emergency. 
The  mains  are  lap  welded,  soft,  open  hearth,  steel  pipe.  It  is 
usually  laid  in  20-ft.  lengths,  although  one  piece  of  10-in.  pipe 
117  ft.  long  has  been  laid. 

Electrolysis. 

Troubles  from  electrolysis  have  not  been  reported  during  the 
year  to  any  great  extent. 

It  is  reported  that  in  Houston,  Tex.,  large  mains  in  the  business 
section  have  been  replaced  as  they  have  been  destroyed  by  the 
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underground  currents  of  electricity.     Mention  is  made  of  similar 
trouble  at  Elj'ria,  Ohio,  and  Tusla,  Okla. 

A  suit  for  an  injunction  to  prevent  the  Central  Railway  Company 
of  Peoria,  111.,  injuring  by  electric  currents  the  property  of  the 
Peoria  AVater  Works  Company,  has  been  tried  and  the  verdict 
rendered.  The  master's  report  indicated  a  complete  victory  for 
the  water  company.  The  master's  report  was  not  sustained  by 
Judge  Sanborn  of  the  United  States  Circuit  Court.  The  decision 
of  the  judge,  while  in  a  way  a  compromise,  seems  to  favor  the 
street  railway  rather  than  the  water  company. 

Meters. 

It  is  reported  that  in  one  of  our  large  cities  where  meters  are 
being  extensively  installed  some  large  increases  have  been  noticed 
in  water  bills.  Two  cases  are  cited,  in  each  of  which  an  annual 
fiat  rate  charge  of  $16.50  had  been  collected.  After  metering,  in 
one  case  the  charge  for  three  months  was  $57.60,  and  in  the  other 
for  the  same  period  $96.  One  real  estate  owner  was  so  indignant 
over  the  increase  that  she  ordered  the  water  shut  off  and  the  build- 
ings torn  down. 

The  desirability  of  installing  meters  is  being  considered  in  a 
large  majority  of  the  municipally  0A\iied  ^\orks  not  now  metered. 

Scranton  people  are  happy  in  the  fact  that  they  have  not  suffered 
from  shortage  of  water,  and  attribute  it  to  the  saving  occasioned  by 
the  use  of  meters.  A  suit  in  this  city  to  recover  for  a  bill  for  metered 
water  was  contested  on  the  ground  that  the  bill  was  too  large  and 
that  the  meter  was  "  working  double."  The  water  company 
proved  the  accuracy  of  its  meter  and  obtained  a  verdict  in  its 
favor. 

At  Houston,  Tex.,  a  reduction  in  rates  of  50  per  cent.,  and  the 
probability  of  another  reduction  sooa,  is  attributed  to  the  use  of 
meters. 

The  largest  claim  noted  of  the  benefit  to  be  obtained  from  the 
use  of  meters  is  the  reported  statement  of  a  prominent  engineer 
to  one  of  our  large  cities  that  the  water  consumption  would  be 
decreased  100  per  cent,  by  the  use  of  meters.  It  is  a  fair  statement 
that  meters  "  protect  the  innocent,  punish  the  offender,  lessen  the 
cost  of  operating  the  plant,  and  conserve  the  water  supply." 
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Rates. 

A  spirit  of  unrest  seems  to  prevail  all  over  the  country  in  regard 
to  proper  rates  for  use  of  water.  The  methods  employed  to  de- 
termine rates  are  varied  and  some  are  unique.  The  tendency,  as 
stated,  is  very  general  toward  meterage.  For  metered  water, 
prices  have  been  quoted  during  the  year  from  two  to  forty  cents 
per  thousand  gallons.  Hydrant  rentals  paid  private  companies 
are  from  S2.50  per  hydrant,  in  San  Francisco,  to  $65  for  the  first 
100  hydrants  and  $50  for  the  balance,  in  Vicksburg,  Miss.  With 
the  advent  of  total  meterage  will  come  more  scientific  methods  of 
determining  rates.  The  decisions  of  the  Wisconsin  Railroad  Com- 
mission, which  is  practically  a  public  utility  commission,  and  the 
methods  used  by  it,  are  forerunners  of  what  may  soon  prevail  in 
all  the  states.  Its  decision  in  the  case  of  the  Ripon  Light  and 
Water  Company  is  worthy  of  study. 

Collection  of  Rates. 

We  note  that  in  two  instances  the  plan  of  shutting  off  the 
supply  of  delinquents  has  been  forbidden  by  boards  of  health  on 
sanitary  grounds. 

Waukegan,  111.,  water  department  will  post  the  names  of 
delinquents  of  two  years'  standing. 

Consumqjtion. 

The  conditions  in  different  places  vary  so  largely  that  without 
full  knowledge  we  cannot  make  fair  comparisons.  We  notice  two 
cities  claiming  the  largest  consumption  in  the  United  States: 
Ann  Arbor,  Mich.,  with  the  amount  not  given;  and  Spokane, 
Wash.,  Vv'ith  a  consumption  of  289  gal.  per  capita  per  day.  The 
latter  claim  also  to  be  furnishing  water  cheaper  than  any  city  in 
the  United  States. 

The  consumption  of  Buffalo,  N.  Y.,  is  reported  as  300  gal.  per 
day. 

Care  of  Watershed. 

When  asked  if  the  water  of  certain  springs  was  pure,  an  old 
negro  replied,  "  Yessum.  Dis  yar  water  has  been  scandalized  by 
•de  best  phrunologers  in  de  Ian',  and  dey  say,  dey  do,  as  how  it 
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muntain  ten  parts  er  oxhide  acid,  ten  ])arts  er  co^vbonic  acid,  and 
de  balance  am  clar  hydrophol>ia  —  Yessum."  To  secure  this  pure 
water  is  one  of  the  great  problems  of  the  day. 

More  and  more  attention  is  being  paid  to  the  sanitary  conditions 
of  the  watersheds.  On  many  of  them  inspectors  are  constantly 
patrolling,  and  on  some,  land  purchases  are  being  made.  We 
notice  Newark,  N.  J.,  has  paid  S52  000  for  one  tract  of  328  acres, 
and  $12  000  for  another  of  600  acres.  We  note  that  a  judge  has 
refused  the  application  of  a  party  desiring  to  keep  a  hotel  on  this 
watershed.  Improvements  on  the  watershed  of  the  supply  of 
Mt.  Vernon,  N.  Y.,  are  demanded.  North  Adams,  Mass.,  has 
appropriated  $20  000  for  purchasing  land  on  the  watershed  of  its 
supply.  Rochester,  N.  Y.,  has  procured  about  all  the  land  about 
Lake  Canadice.  Atlantic  City  has  expended  more  than  $350  000 
in  securing  the  watershed  of  its  supply  and  has  purchased  over 
6  000  acres.  In  many  instances,  the  care  of  the  watershed  is 
insufficient  and  some  means  of  treating  the  water  becomes 
necessary. 

Filtration. 

The  old  method  of  sand  filtration  is  still  being  installed,  even 
outside  of  Massachusetts.  It  is  frequently  supplemented  by  some 
chemical  as  coagulant  or  sterilizer  being  introduced  prior  to  the 
filtration.  This  method  is  proposed  for  Baltimore.  Sixteen  sand 
filters  are  in  process  of  construction  for  Reading,  Pa.  Niagara 
Falls,  N.  Y.,  will  use  sand  filters  to  filter  15  000  000  gal.  per  day. 
Sand  filters  are  under  construction  for  Toronto  whose  daily 
capacity  will  be  35  000  000  gal. 

Hypochlorite  of  lime  is  being  much  used  in  water  sterilization. 
Omaha,  Neb.,  began  its  use  early  in  1910  and  is  sterilizing  27  000- 
000  gal.  daily.  It  is  about  to  be  tried  if  not  already  in  use  in 
Kansas  City,  Mo.;  Milwaukee,  Wis.;  Bridgeport,  Conn.;  and 
for  part  of  the  Croton  supply  for  New  York. 

Mechanical  filtration  is  being  installed  in  many  places,  among 
them  is  Bangor,  Me.;  Atlanta,  Ga.;  Rock  Island,  111.;  and 
Montreal,  Quebec.  Newport,  R.  I.,  has  just  completed  a  plant. 
Whether  or  not  this  system  will  be  installed  in  Lynn,  Mass.,  is 
still  undecided. 
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Ozone. 

The  use  of  ozone  for  water  sterilization  still  continues.  It  seems 
to  be  successfully  used  in  France.  At  Nice  they  have  completed 
two  plants  with  a  total  capacity  of  10  000  000  gal.  per  day  and 
have  another  under  construction.  As  the  ozone  is  produced  by 
electricity,  the  process  is  frequently  mentioned  as  an  electric 
treatment.  The  failure  of  this  treatment  at  Lindsay,  Ont.,  seems 
to  have  been  due  to  the  fact  that  the  ozone  and  water  were  not 
properly  mingled,  and  not  from  failure  to  produce  ozone.  An 
experiment  at  Ogdensburg,  N.  Y.,  failed  to  remove  the  color  of 
the  water. 

An  ozone  sterilization  plant  for  treating  daily  10  000  000  gal. 
filtered  water  from  the  River  Marne  (a  highly  polluted  stream)  is 
under  consideration  for  Paris.  It  is  said  the  cost  of  treatment  has 
been  $6.67  per  1  000  000  gal. 

Ultra-Violet  Rays. 

Some  very  interesting  laboratory  experiments  with  ultra- 
violet rays  from  a  quartz-tube  mercury  arc  lamp  have  been  made 
in  Paris.  The  use  of  these  rays  for  such  purposes  has  been  known 
since  1877,  but  only  recently  has  their  use  been  attempted  for 
disinfection  of  water  in  any  large  quantities.  These  experiments 
show  that  their  use  begins  to  look  feasible.  About  a  year  ago,  the 
city  of  Marseilles  opened  a  competition  to  various  mechanical 
filtration  concerns.  At  the  end  of  the  tests,  the  city  proposed  to 
decide  which  method  it  would  adopt  for  purification  of  its  water 
supply.  Each  company  was  required  to  install,  at  its  own  expense, 
a  plant  of  sufficient  size  to  purify  52  840  gal.  of  water  every  twenty- 
four  hours.  As  a  result  of  this  test,  the  ultra-violet  ray  system, 
with  a  preliminary  treatment  through  roughing  filters,  was  ac- 
cepted. In  the  apparatus  used,  the  water  was  required  to  pass  the 
lamp  three  times.  The  cost  of  sterilization  was  about  $10  per 
million  gallons,  and  in  8  tests  where  an  aggregate  of  1  700  B.  coli 
per  liter  were  found  before  treatment,  none  were  found  after,  and 
98.3  per  cent,  of  other  bacilli  were  removed.  Cleveland,  Ohio,  is 
considering  a  trial  of  this  method. 

Filtration  plants  at  Wilmington,  N.  C;    Grand  Rapids,  Mich.; 
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and  Minneapolis,  Minn.,  are  under  construction,  and  Toledo, 
Ohio,  has  but  recently  put  one  in  operation.  The  plant  at  Wil- 
mington, Del.,  is  stated  to  be  the  "  most  up-to-date  filtration  plant 
in  the  world." 

At  the  city  of  Farlington,  England,  the  Portsmouth  Water 
Company  have  a  slow  sand  filtration  plant  in  which  the  filters  are 
in  part  located  on  top  of  the  storage  reservoir. 

It  may  not  be  out  of  place  to  here  mention  that  the  Supreme 
Court  of  Minnesota  has  just  handed  dow^i  a  decision  in  which  it 
holds  that  municipalities  in  that  state  are  liable  in  damage  suits 
for  the  death  of  citizens  who  contract  disease  through  drinking 
polluted  city  water. 

Several  large  claims  have  been  in  htigation  for  alleged  unlawful 
taking  of  water.  A  decision  in  the  case  against  the  American 
Sugar  Refining  Company  for  stealing  water  at  its  Williamsburg 
plant  has  been  rendered  by  Judge  O'Brien,  the  referee  He 
awarded  the  city  $525  000  and  costs. 

The  National  Lead  and  Oil  Company  is  accused  of  taking  water 
to  the  value  of  $60  000  from  the  Water  Company  at  Parnassus, 
Pa.  Suit  has  been  entered  to  recover  the  above,  with  damages 
set  at  $100  000. 

In  Philadelphia,  the  high-pressure  mains  have  been  unlawfully 
tapped  and  one  property  owner  has  settled  for  $3  000. 

Accidents. 

It  would  seem  to  the  writer  that  in  the  past  year  there  had  been 
an  unusually  large  number  of  breaks  in  big  mains,  and  breaks 
that  have  done  serious  damage. 

The  breakage  of  a  five-foot  main  threw  3  000  men  out  of  work 
and  did  property  damage  to  amount  of  $75  000,  beside  cutting  off 
a  town's  supply  for  several  days. 

The  breaking  of  a  main  in  one  city  threw  paving  blocks  as  high 
as  the  house  tops,  and  another  city  lost  8  500  000  gal.  of  water. 
In  another  city  the  breaking  of  the  water  main  broke  the  gas 
main  and  filled  it  with  water  and  sand. 

Asheville,  N.  C,  had  its  supply  main  crushed  by  the  fall  of  a 
big  tree.     Akron,  Ohio,  had  a  strange  accident  befall  its  works. 
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By  the  breaking  ot  a  brick  sewer,  the  sewer  was  plugged  and  the 
sewage  overflowed  from  a  manhole,  ran  down  a  hill  a  distance  of 
more  than  one  fourth  of  a  mile,  and  flooded  Summit  Lake,  the  city's 
source  of  supply.     The  lake  had  to  be  drained. 

Corona,  Cal.,  has  had  its  water  supply  materially  increased  as 
the  result  of  an  earthquake. 

Among  the  water  items  noted  are,  —  that  the  divining  rod  and 
hydroscope  are  still  used  in  searches  for  water  supplies;  that  the 
women  of  Saginaw,  Mich.,  to  the  number  of  1  657,  registered  to 
vote  upon  the  question  of  issuing  bonds  to  the  amount  of  $400  000, 
to  build  a  water  and  filtration  plant  for  the  city. 

An  unusual  memorial  is  a  system  of  water  works,  but  the  town 
of  Thornton,  Ind.,  has  the  distinction  of  having  one. 

The  entire  system  was  the  gift  of  Gen.  Anson  Mills,  in  memory 
of  his  father  and  mother.  Water  is  raised  from  a  110-ft.  well  by 
an  air-lift  system,  and  delivered  to  a  20  000-gal.  underground 
concrete  reservoir.  A  turbine  centrifugal  pump  raises  it  to  a 
steel  40  000-gal.  tower,  80  ft.  high.  The  machinery  is  operated 
by  electricit5^ 

We  have  spoken  of  the  large  number  of  places  in  which  con- 
struction has  been  in  process  in  1910.  In  the  ordinary  course  of 
affairs,  one  would  naturally  expect  greater  activity  the  coming 
year.  The  great  drought  which,  has  prevailed  over  such  a  large 
extent  of  our  country  is  likely  to  cause  an  unusual  amount  of 
engineering  and  constructing  work  in  1911. 

Let  me  close  with  this  sentiment  for  the  New  England  Water 
Works  Association  in  1911,  — 

May  it  be  the  best  year  it  has  ever  known,  and  the  worst  it  will 
ever  know. 


Election  of  Officers. 

Mr.   Charles  W.  Sherman  submitted  the  following  report  of 
the  tellers  appointed  to  canvass  ballots. 

President. 
Allen  Hazen 316        Scattering 4 
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Vice-Presidents. 

J.  Waldo  Smith 286  Morris  Knowles 197 

Leonard  Metcalf 286  Ermon  M.  Peck 147 

Michael  F.  Collins  ....  278  George  H.  Snell 107 

Irving  S.  Wood 273  Samuel  P.  Senior 78 

Frank  A.  McInnbss  ....  261 

Secretary. 
WiLLARD  Kent 324 

Treasurer. 
L.  M.  Bancroft 320 

Editor. 
Richard  K.  Hale 327 

Advertising  Agent. 
R.  J.  Thomas 327        Scattering 1 

Additional  Members  of  Executive  Committee. 

• 

Edwin  A.  Fisher 293        William  E.  Maybury    ...     266 

John  J.  Kirkpatrick     .    .    .     287        Oren  E.  Parks 119 

Finance  Committee. 

A.  L.  Sawyer 311        John  H.  Walsh 247 

George  H.  Finneran     .    .    .     285        William  E.  Maybury     .    .    .     109 

The  President  thereupon  declared  the  following-named  gentle- 
men to  have  been  elected  officers  for  the  ensuing  year :  President, 
Allen  Hazen;  Vice-Presidents,  J.  Waldo  Smith,  Leonard  Metcalf, 
M.  F.  Collins,  F.  A.  Mclnness,  I.  S.  Wood,  and  Morris  Knowles; 
Secretary,  Willard  Kent;  Treasurer,  L.  M.  Bancroft;  Editor, 
R.  K.  Hale;  Advertising  Agent,  R.  J.  Thomas;  additional  mem- 
bers of  the  Executive  Committee,  W.  E.  Maybury,  E.  A.  Fisher, 
J.  J.  Kirkpatrick;  Finance  Committee,  G.  H.  Finneran,  A.  L. 
Sawyer,  and  J.  H.  Walsh.  He  then  presented  Mr.  Hazen,  who 
spoke  as  follows: 

Gentlemen,  Fellow-Members  of  the  New  England  Water  Works 
Association:  I  feel  very  deeply  the  honor  that  you  have  conferred 
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upon  me.  I  feel  it  more  deeply  because  I  believe  that  I  am  the 
first  non-resident  member  who  has  ever  been  elected  to  this 
proud  office.  I  looked  yesterday  tlirough  the  list  of  my  illustrious 
predecessors,  twenty-eight  of  them,  one  for  each  year  of  the 
Association's  work.  They  have  been  and  are  representative  men, 
leaders,  men  who  have  led  the  Association  in  its  work  to  some 
purpose,  and  I  am  proud  to  have  my  name  added  to  the  list. 

I  began  my  professional  work  in  Boston.  My  shingle  was  hung 
out  at  85  Water  Street,  where  our  editor  now  holds  out.  The 
work  went  well  during  those  first  two  years  in  partnership  with 
Mr.  Noyes,  who  was  elected  President  of  this  Association  twenty 
years  ago.  It  went  well  largely  because  of  the  wide  acquaintance 
which  Mr.  Noyes  had,  and  the  universal  respect  and  esteem  in 
which  he  was  held.  Afterwards,  finding  myself  alone  in  the  world, 
and  having  found  out  something  of  the  character  of  the  New 
England  Water  Works  men,  I  saw  that  they  were  too  far  along  in 
the  game  to  be  fooled  very  long.  [Laughter.]  I  knew  it  would 
only  be  a  matter  of  a  short  time  when  they  would  find  out  how 
little  I  really  knew  about  water  works.  [Laughter.]  So  I  looked 
around  for  some  place  where  the  game  was  easier,  and  I  moved 
to  New  York.  [Laughter.]  Fifteen  years  afterward,  I  have  onl}^ 
kind  words  to  say  of  New  York,  but  I  want  to  say  to  you  that  I 
appreciate,  more  than  I  can  tell,  the  many,  many  times  that  I 
have  been  called  back  to  the  home  field  to  help  you  in  your  prob- 
lems, and  I  appreciate  very  much  indeed  what  you  have  done  for 
me  to-day  in  conferring  upon  me  the  great  honor  that  you  can 
give.     [Applause.] 

Mr.  Chase.  Mr.  President,  I  do  not  think  it  is  ordinarily 
the  thing  to  thank  an  official  for  doing  his  duty,  but  when  he  goes 
beyond  it,  I  think  there  should  be  some  notice  taken  of  it.  I 
think,  therefore,  that  the  thanks  of  this  Association  are  due  to  the 
retiring  President  for  the  very  able,  exhaustive,  and  instructive 
address  he  has  given  us  on  the  water-works  engineering  conditions 
in  the  country  and  in  the  world  in  the  past  year,  and  I  move  that 
our  thanks  be  tendered  to  him  for  his  address.     [Applause.] 

The  motion  was  put  by  Mr.  Hazen  and  was  enthusiastically 
carried. 

Adjourned 
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February  Meeting. 

Hotel  Brunswick, 
Boston,   February  8,   1911. 

The  President,  Allen  Hazen,  in  the  chair. 

The  following  members  and  guests  were  present : 

Honorary  Member. 
Frederic  P.  Stearns. 

Members. 

S.  A.  Agnew,  Kenneth  Allen,  C.  H.  Baldwin,  A.  F.  Ballou,  L.  M.  Bancroft, 
G.  W.  Batchelder,  F.  D.  Berry,  A.  E.  Blackmer,  J.  W.  Blackmer,  C.  A.  Bogar- 
dus,  George  Bowers,  E.  C.  Brooks,  G.  A.  P.  Bucknam,  James  Burnie,  G.  A. 
Carpenter,  J.  C.  Chase,  R.  D.  Chase,  M.  F.  Collins,  E.  D.  Eldridge,  A.  N. 
French,  A.  D.  Fuller,  F.  L.  Fuller,  Albert  S.  Glover,  J.  M.  Goodell,  F.  H. 
Gunther,  R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  L.  M.  Hastings,  Allen  Hazen, 
E.  W.  Kent,  Willard  Kent,  F.  C.  Kimball,  G.  A.  King,  J.  J.  Kirkpatrick, 
Morris  Knowles,  E.  E.  Lochridge,  H.  P.  T.  Matte,  N.  A.  McMillen,  A.  E. 
Martin,  H.  A.  Miller,  F.  L.  Xorthrop,  E.  M.  Peck,  T.  A.  Peirce,  Henry  Roberts, 
A.  L.  Sawyer,  W.  H.  Sears,  J.  E.  Sheldon,  J.  Waldo  Smith,  W.  F.  Sullivan, 
C.  N.  Taylor,  H.  L.  Thomas,  R.  J.  Thomas,  W.  H.  Thomas,  J.  L.  Tighe,  E.  J. 
Titcomb,  J.  A.  Tilden,  W.  H.  Vaughn,  G.  E.  Winslow,  H.  B.  Wood. —  60. 

Associates. 

Anderson  Coupling  Company,  by  C.  E.  Pratt;  Builders  Iron  Foundr\' 
Company,  by  A.  B.  Coulters  and  George  H.  Lewis;  Chapman  Valve  Manu- 
facturing Company,  by  H.  L.  Dewolfe;  Darling  Pump  and  Manufacturing 
Company  (Ltd.),  by  H.  H.  Davis;  The  Fairbanks  Company,  by  W.  D. 
Cashin;  Piatt  Iron  Works  Company,  by  F.  H.  Hayes;  Hersey  Manufacturing 
Company,  by  Albert  S.  Glover,  J.  A.  Tilden  and  W.  A.  Hersey;  Henry  R. 
Worthington,  by  E.  F.  Nye;  Lead  Lined  Iron  Pipe  Company,  by  T.  W. 
Dwyer;  Ludlow  \'alve  Manufacturing  Company,  by  H.  F.  Gould;  Mueller 
Manufacturing  Company,  by  G.  A.  Caldwell;  National  Meter  Company, 
by  C.  H.  Baldwin,  H.  L.  Weston,  and  J.  G.  Lufkin;  Neptune  Meter  Company, 
by  H.  H.  Kinsey;  Pittsburg  Meter  Company,  by  F.  L.  Northrop;  Rensselaer 
Valve  Company,  by  F.  S.  Bates;  A.  P.  Smith  Manufacturing  Company,  by 
F.  N.  Whitcomb;  Thomson  Meter  Company,  by  E.  M.  Slietld;  I'liion  Water 
Meter  Company,  by  F.  E.  Hall;  Water  Works  Equipment  Company,  by 
W.  H.  Van  Winkle.  —  24. 
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Guests. 

G.  H.  Abbott,  treasurer  Water  Company,  Southbridge,  Mass.;  I.  S.  Hol- 
brook,  Engineering  Record,  Clarence  Goldsmith,  E.  T.  Jonson,  New  York 
City;  George  W.  Bowers,  Lowell,  Mass.;  Anthony  Flemming,  John  D. 
Hanachan,  J.  J.  Desmond,  Lawrence,  Mass.;  Frank  Collins,  White  River 
Junction,  Vt.;  E.  W.  Priest,  J.  W.  Mackenzie,  Mansfield,  Mass.;  and 
C.  E.  Batchelder,  Boston,  Mass.  —  12. 

The  President.  It  is  my  sad  duty  to  announce  the  death  of 
one  of  our  members, Professor  Kinnicutt.  He  had  been  a  member 
of  the  Association  for  some  eighteen  years,  and  was  a  man  whom 
we  have  all  known  and  loved,  a  man  of  great  unselfishness,  always 
working  for  the  benefit  of  those  about  him  and  for  the  cause. 
The  Association  has  suffered  a  great  loss  in  his  death. 

The  Secretary  then  presented  applications  for  membership 
from  the  following-named  persons,  all  properly  recommended, 
and  approved  by  the  Executive  Committee :  Joseph  N.  McKernan, 
Plainville  Conn.,  member  Plainville  Water  Board;  Clarence 
Goldsmith,  New  York  City,  hydraulic  engineer,  National  Board 
of  Fire  Underwriters;  C.  Nelson  Harrub,  Mundale,  Mass.,  resident 
engineer  in  charge  of  the  West  Parish  Filter  Plant,  Springfield, 
Mass.;  C.  H.  Abbott,  Southbridge,  Mass.,  superintendent  and 
treasurer,  Southbridge  Water  Supply  Company;  George  W. 
Priest  (for  associate  membership),  Mansfield,  Mass.,  president  of 
New  Hartford  Water  Company  and  of  the  Composite  Pipe  Com- 
pany. 

On  motion  of  Mr.  Frank  L.  Fuller,  the  Secretary  was  instructed 
to  cast  the  ballot  of  the  Association  in  favor  of  the  applicants 
above  named,  and  he  having  done  so,  they  were  declared  elected 
members. 

The  President  then  presented  Mr.  J.  Waldo  Smith,  chief  en- 
gineer, who,  the  program  announced,  would  read  a  paper  on 
"  Construction  Work  on  the  Water  Supply  of  New  York  City." 
"  The  New  York  water  supply  construction  now  under  way," 
said  the  President,  "  is,  I  suppose,  the  largest  piece  of  water- 
works construction  that  has  ever  been  carried  out.  Certainly 
that  is  true  of  all  modern  times,  and  is  true,  so  far  as  quantities 
are  concerned,  even  if  we  go  back  to  the  old  Roman  days,  although 
the  Roman  aqueducts  certainly  meant  as  much  to  mankind,  if 
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not  more  than  anythinjj;  undertaken  at  this  time.  The  work  is 
not  only  very  large,  l)eing  second  only  to  the  Panama  Canal  work 
as  an  engineering  enterprise,  but  it  is  being  prosecuted  rapidly 
and  well." 

Mr.  Smith  said  he  had  no  paper  to  present,  but  had  merely 
come  over  from  New  York  to  show  a  few  pictures  and  to  explain 
what  was  being  done  to  furnish  an  addition  to  the  present  supply 
of  the  city  of  New  York.  He  proceeded  to  give  an  informal 
talk  illustrated  by  a  large  number  of  stereopticon  views. 

Mr.  Kenneth  Allen,  chief  engineer  of  the  Metropolitan  Sewerage 
Commission,  New  York,  read  a  paper  on  "  The  Use  of  the  Sali- 
nometer  in  Studies  of  Sewage  Disposal  by  Dilution." 

Adjourned. 


March  Meeting. 

Hotel  Brunswick, 
Boston,  Wednesday,  March  8. 

Vice-President  M.  F.  Collins  in  the  chair. 

The  following  members  and  guests  were  present: 

Honorary. 
Frederic  P.  Stearns. 

Members. 

S.  A.  Agnew,  E.  R.  B.  AUardice,  C.  H.  Baldwin,  A.  F.  Ballon,  L.  M.  Ban- 
croft, H.  K.  Barrows,  G.  W.  Batchelder,  A.  E.  Blackmer,  J.  W.    Blackmor, 

E.  C.  Brooks,  G.  A.  P.  Bucknani,  James  Burnie,  C.  E.  Chandler,  J.  C.  Chase. 
H.  W.  Clark,  R.  C.  P.  Coggeshall,  M.  F.  Collins,  L.  R.  Dunn,  E.  D.  Eldredge, 

F.  L.  Fuller,  F.  J.  Gifford,  C.  W.  Gilbert,  H.  J.  Glendenning,  A.  S.  Glover, 
X.  H.  Goodnough,  R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  J.  O.  Hamm,  L.  M. 
Hastings,  A.  R.  Hathaway,  T.  G.  Hazard,  Jr.,  W.  S.  Johnson,  E.  W.  Kent, 
Willard  Kent,  G.  A.  King,  C.  F.  Knowlton,  Wisner  Martin,  N.  A.  McMillen, 
A.  E.  Martin,  W.  E.  Maybury,  John  Mayo,  F.  E.  Merrill,  G.  F.  Merrill, 
H.  A.  Miller,  C.  A.  Mixer,  William  Naylor,  A.  S.  Negus,  G.  A.  Nelson,  F.  L. 
Northrop,  O.  E.  Parks.  T.  A.  Peirce,  J.  H.  Perkins,  L.  C.  Robinson,  A.  T. 
Safford,  H.  W.  Sanderson,  A.  L.  Sawyer,  C.  W.  Sherman,  G.  H.  Snell,  G.  A. 
Stacy,  W.  F.  Sullivan,  L.  A.  Taylor,  L.  D.  Thorpe,  J.  L.  Tighe,  D.  N.  Tower, 
C.  H.  Turner,  W.  H.  Vaughn,  C.  K.  Walker,  H.  G.  Holden,  G.  F.  West, 
F.  B.  Wilkins,  G.  E.  Winslow.  —  72. 
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Associates. 


Builders  Iron  Foundry,  by  George  H.  Lewis;  Chapman  Valve  Manufactur- 
ing Company,  by  H.  L.  DeWolfe;  Darling  Pump  and  Manufacturing  Company 
(Ltd.),  by  H.  H.  Davis;  Glauber  Brass  Manufacturing  Company,  by  S.  S. 
Freeman;  Hersey  Manufacturing  Company,  by  Albert  S.  Glover,  and  W.  A. 
Hersey;  Henry  R.  Worthington,  by  Samuel  Harrison;  Lead  Lined  Iron  Pipe 
Company,  by  T.  E.  Dwyer;  Ludlow  Valve  Manufacturing  Company,  by 
H.  F.  Gould;  National  Meter  Company,  by  C.  H.  Baldwin  and  J.  G.  Lufkin; 
Pittsburg  Meter  Company,  by  F.  L.  Northrop;  Rensselaer  Manufacturing 
Company,  by  C.  L.  Brown;  A.  P.  Smith  Manufacturing  Company,  by  F.  N. 
Whitcomb;  Thomson  Meter  Company,  by  S.  D.  Higley  and  E.  M.  Shedd; 
Union  Water  Meter  Company,  by  E.  P.  King  and  F.  E.  Hall;  United  States 
Cast  Iron  Pipe  and  Foundry  Company,  by  D.  B.  Stokes.  —  19. 

Guests. 

F.  W.  Dinwiddle,  water  registrar,  Gardner,  Mass. ;  Frank  F.  Connor, 
Lowell,  Mass.;  J.  P.  Wood,  Marlboro,  Mass.;  Edward  Parrish,  Asst.  U.  S. 
Engineer,  Newport,  R.  I.;  John  Currier  and  H.  B.  Andrews,  Boston,  Mass.; 
J.  J.  Desmond,  Lawrence,  Mass.;  Albert  S.  Benson,  Wm.  L.  Sharpe,  East 
Greenwich,  R.  I.;  Nathaniel  T.  Kidder,  Milton,  Mass.;  Edward  F.  Hughes, 
Watertown,  Mass.;  Randolph  Bainbridge,  Quincy,  Mass.;  Irving  T.  Guild, 
F.  W.  Rane,  and  Edward  S.  Bryant,  Mass.  Forestry  Association,  Boston.  — 
L5. 

The  chairman,  on  behalf  of  the  Executive  Committee,  announced 
that  the  April  meeting  would  be  held  at  Springfield,  Mass.  The 
papers  will  be  on  fire  protection,  both  from  the  point  of  view  of 
water-works  men  and  practical  fire  fighters. 

The  Secretary  presented  applications  for  membership  from  the 
following,  properly  endorsed  by  the  Executive  Committee: 

Active  membership:  Edwin  D.  Pingree,  Providence,  R.  I., 
vice-president  and  engineer  for  Manufacturers  Mutual  Fire 
Insurance  Company;  E.  P.  Stone,  Saginaw,  Mich.,  engaged  in 
contracting  and  dredging  work;  Boris  N.  Simin,  Moscow,  Russia, 
designer  and  constructor  of  water  works;  J.  W.  Ledoux,  Swarth- 
more,  Pa.,  water  supply,  water  power,  and  general  hydraulic 
engineer,  and  chief  engineer  for  American  Pipe  and  Construction 
Company;  J.  L.  Van  Ornum,  St.  Louis,  Mo.,  consulting  engineer 
in  various  sanitary  plans  in  Missouri,  and  expert  in  Chicago 
Drainage  Canal  cases;  Hiram  B.  Andrews,  concrete  reservoir 
and     standpipe     construction     engineer;     Rudolph    Bainbridge, 
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Wollaston,  Mass.,  commissioner  of  public  works  for  the  city  of 
Quincy;  H.  M.  Urban,  Birmingham,  Ala.,  chief  civil  engineer, 
Tennessee  Coal,  Iron  and  Railroad  Company,  in  charge  of  water- 
works construction  and  water  supply  improvement;  William  L. 
Wilcox,  •  assistant  chief  civil  engineer,  Tennessee  Coal,  Iron  and 
Railroad  Company. 

The  Secretary  was  directed  to  cast  the  ballot  of  the  Association 
in  favor  of  the  applicants,  and  he  having  done  so,  thej'  were 
declared  elected. 

The  first  paper  of  the  afternoon  was  on  "  The  New  England 
Portion  of  the  Proposed  Atlantic  Intra-Coastal  Waterways," 
by  Edward  Parrish,  assistant  United  States  engineer,  Newport, 
R.  I.,  illustrated  by  stereopticon  views.  The  subject  was  dis- 
cussed by  Mr.  T.  G.  Harard,  Jr.,  Mr.  Frank  L.  Fuller,  and  Mr. 
A.  S.  Negus. 

Mr.  F.  W.  Rane,  state  forester  of  Massachusetts,  then  presented 
a  paper,  which  was  illustrated  by  stereopticon  views,  on  "  The 
Reforestation  of  Watersheds  for  Domestic  Supplies."  The  paper 
was  discussed  by  E.  R.  B.  Allardice,  superintendent  of  the  Wachu- 
sett  Department,  Metropolitan  Water  Works;  E.  S.  Bryant, 
practical  forester,  Boston;  Mr.  Nathaniel  F.  Kidder,  president 
of  the  Massachusetts  Forestry  Association;  Mr.  William  F.  Sul- 
livan, engineer  and  superintendent,  Nashua,  N.  H.;  and  Mr.  Irving 
T.  Guild,  secretary  of  the  Massachusetts  Forestry  Association. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association,  at  the  rooms  of  the  Association,  715 
Tremont  Temple,  Boston,  Mass.,  Wednesday,  January  11,  1911. 

Present:  President  George  A.  King,  and  members  Allen  Hazen, 
Ermon  M.  Peck,  Michael  F.  Collins,  George  A.  Stacy,  George  W. 
Batchelder,  Edwin  C.  Brooks,  Willard  Kent,  Lewis  M.  Bancroft, 
Richard  K.  Hale,  and  Robert  J.  Thomas. 

Two  applications  were  received  and  recommended  for  admission, 
namely : 

For  membership:  Henry  E.  Warren,  chairman  water  commis- 
sioners, Ashland,  Mass.,  and  A.  Lincoln  Fellows,  consulting 
engineer,  Denver,  Colo. 

A  communication  from  the  local  agent  of  Henry  R.  Worth- 
ington  with  reference  to  transfer  of  associate  membership  from 
the  International  Steam  Pump  Company  was  presented,  and  the 
Secretary  was  instructed  to  communicate  with  the  International 
Steam  Pump  Company  with  reference  to  same. 

The  Piatt  Iron  Works  Company,  having  complied  with  the 
requirements  of  the  constitution,  was,  by  unanimous  vote, 
reinstated  as  an  Associate. 

The  committee  on  annual  meeting  and  the  committee  on  the 
library  submitted  their  reports  and,  on  motion  of  Mr.  Stacy,  the 
subject  of  both  reports  was  referred  to  the  next  Executive  Com- 
mittee. 

Adjourned. 

Willard  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  February  8,  1911. 

Present:  President  Allen  Hazen,  and  members  J.  Waldo  Smith, 
Michael  F.  Collins,  Morris  Knowles,  John  J.  Kirkpatrick,  Richard 
K.  Hale,  Robert  J.  Thomas,  and  Willard  Kent. 
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A  communication  from  the  secretary  of  "  Boston  1915  "  was 
read,  and  Mr.  Frank  Mclnnes  was  made  a  committee  of  the  New 
England  Water  Works  Association  to  represent  that  Association 
at  the  conference  of  the  "  1915  "  organization. 

On  motion  of  ]\Ir.  J.  Waldo  Smith,  it  was  voted:  That,  provided 
suitable  arrangements  can  be  made,  Gloucester,  Mass.,  be  selected 
as  the  place  for  holding  the  next  annual  convention. 

On  motion  of  Mr.  ]\Iorris  Knowles,  it  was  voted:  That  the 
President  be,  and  hereby  is,  authorized  to  appoint  a  committee 
to  arrange  for  the  annual  convention  of  1911,  with  full  powers, 
fixing  the  convention  as  near  as  may  be  to  the  second  Wednesday 
of  September. 

Mr.  Richard  K.  Hale  was  made  a  committee  on  the  June  outing, 
with  power  to  appoint  two  associates.  Messrs.  G.  A.  King  and 
W.  E.  Maybury  were  subsequently  appointed. 

A  communication  was  received  from  Mr.  C.  E.  Chandler  with 
reference  to  statistics  of  Rainfall  and  Run-off,  and  on  motion  of 
Mr.  Hale  it  was  voted:  That  the  President  be,  and  hereby  is, 
authorized  to  appoint  a  suitable  committee  to  investigate  the 
yields  of  New  England  watersheds,  and  such  other  watersheds 
as  the  committee  may  deem  desirable,  during  the  id  resent  dry 
period. 

The  President  subsequently  appointed  Messrs.  F.  P.  Stearns, 
H.  K.  Barrows,  C.  E.  Chandler,  X.  H.  Goodnough,  R.  A.  Hale, 
E.  E,  Lockridge,  Leonard  Metcalf,  A.  T.  Safford,  and  J.  L.  Tighe. 

Five  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely: 

For  membership:  Mr.  C.  Nelson  Harrub,  superintendent  filter 
plant,  city  of  Springfield,  Mass.,  Westfield,  Mass.;  G.  H.  Abbott, 
treasurer  South))ridge  Water  Supply  Company,  Southl)ridge, 
Mass.;  Clarence  Goldsmith,  hydraulic  engineer.  Commissioner 
on  Fire  Protection,  National  Board  of  Fire  Untlcrwriters,  New 
York  City;  Joseph  N.  McKernan,  member  water  board,  Plainville, 
Conn. 

For  associate  membership:  George  W.  Priest,  Mansfield,  Mass. 

Adjourned. 

WiLLARD  Kent,  Secretary. 
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Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  headquarters,  Tremont  Temple,  Boston, 
Mass.,  Wednesday,  March  8,  1911,  at  11.30  a.m. 

Present:  Michael  F.  Collins^  Wilham  E.  Maybury,  John  J. 
Kirkpatrick,  Robert  J.  Thomas,  Richard  K.  Hale,  Lewis  M. 
Bancroft,  and  Willard  Kent. 

Nine  applications  were  received  and  recommended  for  admission, 
namely : 

For  membership:  Edwin  D.  Pingree,  engineer  Manufacturers 
Mutual  Fire  Insurance  Company,  Providence,  R.  L;  E.  P.  Ston, 
president  Water  Board,  Saginaw,  Mich.;  B.  N.  Simin,  engineer, 
Moscow,  Russia;  J.  W.  Ledoux,  hydraulic  engineer,  Philadelphia, 
Pa.;  J.  L.  Van  Ornum,  professor  civil  engineering,  Washington 
University,  St.  Louis,  Mo.;  H.  B.  Andrews,  civil  engineer,  Boston, 
Mass.;  Randolph  Bainbridge,  commissioner  of  public  works, 
Quincy,  Mass.;  H.  M.  Urban,  chief  civil  engineer,  T.  C.  I.  & 
R.  R.  Co.,  Birmingham,  Ala.;  Wm.  L.  Wilcox,  assistant  chief 
civil  engineer,  Tennessee  Coal,  Iron  and  Railway  Company, 
Central  Water  Works,  Birmingham,  Ala. 

Mr.  George  W.  Priest,  president  and  manager  of  the  New 
Hartford  Water  Company,  was  transferred  from  associate  to 
active  membership  in  the  Association,  by  motion  of  Mr,  Thomas. 

On  motion  of  Mr.  Kirkpatrick,  seconded  by  Mr.  Bancroft,  it 
was  voted  to  hold  a  special  meeting  of  the  Association  on  the  second 
Wednesday  in  April. 

On  motion  of  Mr.  Bancroft,  seconded  by  Mr.  Hale,  it  was  voted 
that  the  April  special  meeting  be  held  in  the  city  of  Springfield, 
Mass.,  and  that  the  President,  Secretary,  Mr.  E.  E.  Lochridge, 
J.  J.  Kirkpatrick,  and  A.  E.  Martin,  be  a  committee  of  arrange- 
ments, and  that  the  subject  for  discussion  be  "  Fire  Protection." 

Adjourned. 

Willard  Kent,  Secretary. 
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Louis  E.  Hawes  died  from,  apoplex}^,  at  Wakefield,  on  January 
29,  1911.  Mr.  Hawes  was  born  in  Springfield,  Mass.,  on  January 
27,  1860.  On  graduating  from  the  Worcester  Polytechnic  Insti- 
tute in  1882,  he  became  assistant  superintendent  of  the  Water 
Works  at  Northboro.  In  1883,  he  was  made  assistant  engineer 
on  the  construction  of  the  Wakefield  Water  Works,  and  in  1892, 
he  designed  the  sewerage  system  for  that  town,  and  became  chair- 
man of  the  sewerage  commission  in  1895. 

Mr.  Hawes  has  been  prominent  in  the  construction  of  water 
works  throughout  New  England  for  the  past  thirty  years.  Among 
the  works  built  under  his  direction  are  those  at  North  Attleboro, 
Norwood,  Ayer,  Edgartown,  Provincetown,  Marion,  Needham, 
Avon,  Mass.,  Rockland,  Me.,  Dover,  N.  H.,  and  many  others. 

Mr.  Hawes  was  married  in  Wakefield  in  1886  to  Hattie  M. 
Emerson,  who,  wdth  a  son  and  daughter,  survives  him. 

Mr.  Hawes  was  a  member  of  the  American  Society  of  Civil 
Engineers  and  of  the  Boston  Society  of  Civil  Engineers.  He  was 
elected  a  member  of  the  New  England  Water  Works  Association 
on  December  12,  1888. 


Leonard  Parker  Kinnicutt*  was  born  in  Worcester,  Mass., 
May  22,  1854,  the  son  of  Francis  H.  and  Elizabeth  Waldo 
(Parker)  Kinnicutt.  After  graduation  from  the  Massachusetts 
Institute  of  Technology  in  1875,  as  bachelor  of  science  in  the 
department  of  chemistry,  he  spent  four  years  at  the  univer- 
sities of  Bonn  and  Heidelberg,  studying  under  the  famous  chem- 
ists, Bunsen  and  Kekule,  and  coming  into  contact  with  Hempel 


*  Memoir  prepared  by  Ijconaril  Metcalf. 
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of  Dresden,  Treadwell  of  Zurich,  Anschutz  of  Bonn,  and  other 
well-known  scientists,  with  whom  he  kept  up  a  lifelong  corre- 
spondence. Returning  to  the  United  States  he  studied  for  a  year 
at  Johns  Hopkins  University,  under  Remsen,  and  was  then  called 
to  Harvard  College  as  instructor  in  chemistry'.  For  three  years 
he  taught  there,  incidentally  taking  the  degree  of  doctor  of  science 
himself,  and  was  then  called  to  Worcester.  There  he  spent  the 
rest  of  his  professional  life,  first  as  instructor,  1882,  then  as  as- 
sistant professor,  1883,  and  thereafter  as  full  professor, —  being 
made  director  of  the  laboratory  in  1892.  He  died  of  tubercu- 
losis, February  6,  1911. 

During  the  last  twenty  years  or  more  of  his  life  Dr.  Kinnicutt 
devoted  much  time  to  problems  in  sanitary  science,  upon  which 
subject  he  became  a  recognized  authority.  Frequent  trips 
to  England  and  the  Continent,  coupled  with  his  keen  interest 
in  science  and  his  winsome  personality,  kept  him  thoroughly 
in  touch  with  modern  tendencies  and  developments,  and  en- 
abled him  to  perform  a  unique  service  alike  to  science,  to  the 
pubUc,  and  to  his  fellowmen. 

An  indomitable  worker,  he  found  time  to  take  an  active  part 
in  matters  of  civic  importance  within  his  field,  such  as  the  ex- 
perimental work  in  sewage  disposal  carried  on  by  the  city  of 
Worcester,  problems  touching  the  citj^'s  water  and  milk  supplies, 
courses  of  lectures  for  foremen  and  skilled  mechanics,  and  many 
other  questions  of  lesser  importance. 

The  files  of  many  professional  journals  and  papers  and  the 
many  quotations  from  his  utterances  bear  witness  to  the  ac- 
tivity of  his  mind  and  pen,  while  the  attention  and  interest  with 
which  men  listened  to  him  bore  witness  to  the  soundness  of  his 
views.  His  last  work  upon  "  Sewage  Disposal,"  written  in  col- 
laboration with  Winslow  and  Pratt,  is  the  latest  and  best  book 
of  its  kind  upon  this  subject. 

He  was  a  Fellow  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  member  of  many  societies  and  clubs, 
—  the  American  Chemical  Society,  New  England  Water  Works 
Association  (of  which  he  was  elected  a  member  on  February 
8,  1893),  Boston  Society  of  Civil  Engineers,  Society  of  Bacteri- 
ology, the  London  and  German  Chemical  societies.  Association 
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of  IManagers  of  Sewage  Disposal  Works  of  England,  and  of  the 
Worcester,  St.  Botolph,  Bohemian,  Harvard,  and  Tatnuck 
Country  clubs. 

In  his  college  work  Dr.  Kinnicutt  was  most  successful.  His- 
knowledge  of  his  subject  and  enthusiasm  as  a  teacher  commanded 
the  respect  and  attention  of  his  students,  but  it  was  his  knowl- 
edge of  men,  his  real  and  helpful  interest  in  his  "  boys,"  both 
as  undergraduates  and  later  as  workers  and  men  of  the  world, 
that  won  their  loyal  support  and  warm  affection.  It  was  to  him, 
of  all  the  faculty,  that  they  turned,  whether  in  need  or  trouble, 
or  bubbling  over  with  enthusiasm  of  new  discovery  or  success. 

Devoted  to  his  family  and  his  friends,  his  books  and  his  garden, 
he  was  at  his  best  in  his  home.  Keen  in  his  interests  and  judg- 
ment of  men,  catholic  in  spirit  and  taste,  he  was  a  rare  host, 
and  an  addition  to  any  group  of  men.  A  fearless  yet  courteous 
critic;  of  good  poise  and  mental  balance;  a  man  of  the  world, 
yet  always  human;  a  lover  of  mankind,— he  was  worthy  of  the 
love  men  bore  him. 


New  England  Water  Works  Association. 
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SOME   DIFFICULTIES   IX   THE   PURIFICATION   OF 
WATER   SUPPLIES. 

BY   DR.    GARDNER    T.    SWARTS,    SECRETARY    OF    STATE    BOARD 
OF    HEALTH    OF   RHODE    ISLAND. 

[Read  December  14,  1910.] 

I  trust  that  the  statements  I  may  make  will  be  considered 
merely  as  the  result  of  experience  in  coming  in  contact  with  this 
question  of  purification  of  water  in  various  capacities,  —  for 
instance,  as  secretary  of  a  board  of  health,  as  the  chairman  of 
a  committee  on  filtration  of  the  common  council  for  three  long- 
drawn-out  years,  as  a  bacteriologist,  and  from  constant  contact 
with  the  strong  and  influential  opinions  of  the  best  bacteriologists 
in  Massachusetts  and  throughout  the  L'^nited  States.  The  result 
of  those  experiences  has  been  to  convince  me  that  a  person  who 
undertakes  to  secure  the  purification  of  a  water  supply  is  very 
much  like  the  paternal  member  of  the  family  who  is  sent  to  Boston 
to  procure  a  Christmas  present  for  the  little  daughter  to  present 
to  the  little  boy.  He  finds  himself  on  Tremont  Street  before  the 
dazzling  array  of  mechanical  toys,  and  he  wanders  up  and  down 
trying  to  determine  which  will  be  the  most  satisfactory,  which 
the  most  durable,  which  possesses  the  best  mechanical  qualities, 
and  which  he  will  best  be  able  to  operate  when  he  takes  it  home. 
And  then  he  reflects  on  the  fact  that  Sarah  has  given  him  a  whole 
nickel  with  which  to  make  the  purchase.  That  is  the  first  diffi- 
culty most  persons  meet  who  undertake  the  purification  of  a  water 
supply,  —  and  I  have  passed  through  all  the  agony. 
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Assuming  to  be  skillful  engineers  and  practical  men  experienced 
in  water  matters,  and  looked  up  to  by  our  learned  legislators 
as  men  who  will  give  them  the  best  advice  and  the  best  and  most 
economical  methods,  we  find  ourselves  in  an  awkward  position. 
We  look  over  the  field  and  we  find  that  there  are  certain  devices 
which  are  provided  to  take  care  of  the  particular  water  with  which 
we  have  to  deal. 

You  are  all  aware  of  the  fact  that  water  is  water;  but  it  is 
a  little  different  water  in  one  place  than  it  is  in  another.  Those 
of  you  who  have  traveled  through  New  England  and  seen  the 
limpid  streams  passing,  over  the  waterfalls  into  the  ponds  where 
the  fish  sport  themselves  in  the  clear  water,  cannot  realize  the  dif- 
ficulties and  obstacles  which  are  met  when  one  comes  to  deal  with 
waters  in  the  western  and  central  sections  of  the  country,  which 
are  creamy  to  the  extent  of  depositing  perhaps  a  third  of  a  glassful 
of  sediment  in  the  glass  upon  the  table. 

I  can  recall  going  to  Chicago  in  my  early  days  and  seeing 
that  condition,  and  all  of  you  know  the  condition  of  the  Mis- 
sissippi and  Missouri  rivers.  So,  when  you  come  to  consider  the 
question  of  the  purification  of  water,  you  have  many  little  problems 
to  contend  with  at  the  start. 

The  difficulties  which  one  encounters  in  this  particular  way  may 
come  after  a  perfect  decision  on  the  part  of  the  engineer,  or  pos- 
sibly of  the  person  who  has  secured  the  contract  for  the  filtration 
plant.  A  contractor  takes  up  the  question  with  the  town  council, 
and  the  thing  is  about  as  good  as  concluded  that  with  his  system 
he  can  take  care  of  the  water.  But  immediately  objection  is 
raised  by  some  learned  physician,  who  comes  forward  and  ex- 
claims, "  Oh,  but  you  are  going  to  put  chemicals  into  the  water. 
I  understand  that  mechanical  filtration  is  not  simply  agitation 
of  the  water,  or  agitation  of  the  sand  through  which  the  water 
passes,  but  you  are  going  to  put  alum  in  the  water,  and  don't  you 
know  what  is  going  to  happen  then?  Every  citizen  in  the  town  will 
be  ossified  within  three  months!  Every  child  that  is  coming  to 
birth  will  come  before  its  time!  "  Well,  the  horror  of  that  in  large 
headlines  in  a  good  solid  newspaper  makes  a  stir,  and  immediately 
the  contractor  is  put  in  the  background.  These  are  personal 
experiences,  gentlemen. 
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Then  comes  to  the  front  those  who  have  had  long  and  varied 
and  satisfactory  experiences  with  perfect  experimentation  in  tlie 
lines  of  sand  filtration,  which  seems  so  simple  in  its  processes, 
so  easy  to  lay  out  and  to  operate,  and  their  engineer  has  his 
hearing,  and  the  good  old  doctor  rises  again  and  endorses  this 
system  with  great  gusto,  proclaiming  that  this  is  Nature's  method, 
that  that  is  what  we  like  to  see,  —  the  water  carried  through  the 
earth  and  brought  out  pure  and  clear  after  being  treated  by  these 
natural  processes;  not  reflecting  that  the  purest  water  he  can 
think  of  is  the  old  spring  water  on  the  farm,  which  he  knows 
bubbles  up  from  a  depth  of  100  or  200  ft.  below  the  surface,  and 
which  he  must  recognize,  as  a  man  versed  in  chemistry,  —  or 
at  least  who  should  have  been  when  he  got  through  his  primary 
course,  —  in  coming  from  that  depth  has  come  in  contact  not  with 
alum  alone  but  with  many  other  chemicals,  and  contains  man}- 
elements  which  if  analj'zed  out  and  given  a  name  would  make 
as  startling  headlines  in  the  daily  paper  as  the  terrifying  alum. 

But  that  is  something  which  is  way  back,  and  especially  in  our 
New  England  states,  where  we  are  somewhat  conservative, — 
that  is  a  very  good  recommendation  to  the  people.  They  want 
what  is  old  fashioned,  they  want  what  their  grandfathers  had, 
—  the  same  old  wells  which  have  been  used  from  generation  to 
generation,  accumulating  in  all  the  years  the  goodness  of  the  fami- 
lies which  have  gone  before.  Likewise  they  know  that  the  streams 
which  are  coming  down  from  the  mountains  and  the  hills  are  also 
increased  in  their  value  by  the  manufactories  which  have  been 
placed  upon  their  banks,  the  waste  from  which  is  allowed  to  enter 
the  stream.  It  is  the  same  old  stream,  and  they  think  it  is  the  same 
kind  of  water  and  that  it  can  be  used  mth  safety. 

It  is  a  hard  matter  to  argue  sense  into  some  people  sometimes, 
especially  if  they  are  of  the  old  New  England  stock.  We  are  of 
New  England  stock  down  in  Rhode  Island  and  we  still  have  a  good 
deal  of  that  spirit  which  was  brought  down  by  the  Dissenter, 
who  couldn't  get  along  verj^  well  with  Massachusetts  people 
and  who  so  saturated  the  soil  of  our  little  state  with  independence 
that  each  individual  citizen,  no  matter  if  he  is  an  Italian  of  two 
weeks'  life  there,  is  an  independent  law  unto  himself,  —  and  you 
can  imagine  what  the  old  veterans  are.    Think,  therefore,  of  the 
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difficulties  we  have  when  we  ask  them  to  adopt  some  system  for 
purifying  water,  and  then  think  of  the  difficulties  we  have  ta 
surmount  when  we  are  confronted  w'ith  these  various  devices 
by  which  we  are  going  to  purify  it.  Suppose,  for  instance,  we  de- 
cide that  we  will  take  up  sand  filtration.  We  call  upon  the  best 
outside  engineers  to  tell  us  how  it  shall  be  done,  and  they  approve 
a  certain  device.  The  local  engineer  understands  his  business; 
the  outside  engineer  who  is  called  in  is  going  to  earn  his  money, 
and  he  does,  and  he  will  recommend  sand  filtration  as  the  best, 
perhaps  as  the  best  under  the  circumstances,  inasmuch  as  the 
prevailing  opinion  in  the  council  seems  to  deflect  that  way. 

Then  there  is  one  particular  thing  which  is  raised  as  an  ob- 
struction, and  that  is  that  sand  beds  are  objectionable  because 
they  may  freeze  up.  But  it  is  said  in  reply  that  that  is  not  a  thing 
to  be  thought  of  in  New  England.  Water  a  foot  deep  anjavhere, 
perhaps,  beyond  the  line  of  Pennsylvania  will  freeze,  but  here 
in  New  England,  where  a  sand  filter  is  to  be  put  in,  it  isn't  neces- 
sary to  cover  that  filter  and  add  to  the  expense.  The  experience 
we  had  down  in  the  little  city  of  Providence  w^as  that  while  we 
started  with  the  idea  of  paying  S200  000  for  a  filtration  plant, 
a  filtration  plant  of  sand  which  was  to  be  uncovered,  it  has  now 
been  discovered  as  one  which  would  freeze  even  in  New  England 
and  needed  covering,  and  it  is  now  beautifully  covered,  sanded, 
loamed,  and  grassed,  and  it  has  cost  us  only  $600  000.  That  is 
one  experience.  It  is  sometimes  worth  while  to  pay  your  money 
for  what  you  learn.  Of  course  at  first  it  was  simply  the  engineers, 
but  the  contractor  has  come  across  other  difficulties.  He  meets 
with  commissioners  —  I  won't  say  what  kind  of  commissioners, 
nor  that  it  has  been  my  experience,  but  there  are  certain  com- 
missioners whose  thought  is  diverted  at  times  by  influences  which 
may  never  appear  upon  the  surface.  I  haven't  had  that  experi- 
ence; but  evidently  somebody  else  maj^  have  had. 

However  that  may  be,  having  overcome  the  difficulties  of  the 
commissioners  and  of  the  committees  of  the  citizens,  there  is 
the  engineer,  who  is  always  alert  that  everything  shall  be  put 
in  correctly,  but  he  has  certain  devices  of  his  own  that  he  thinks 
ought  to  be  introduced,  and  they  are  introduced  through  his 
influence,  possibly  to  the  detriment  of  the  plant  which  was  prop- 
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•erly  laid  out  by  the  original  engineer,  whether  it  be  a  sand  or  a 
mechanical  filter.  Then  in  some  states  j'ou  come  up  against 
the  board  of  health.  In  Rhode  Island  the  board  of  health  is  merely 
advisory;  but  in  other  states,  —  I  think  we  are  in  one  of  those 
states  now,  —  and  states  like  Ohio  and  Indiana,  and  all  out  through 
the  West,  they  are  alive  to  the  fact  that  there  are  some  new  ideas. 

Then  there  is  the  experience,  as  it  comes  to  daddy  after  he 
•comes  home  with  the  nickel  purchase  and  regrets,  the  moment 
he  sees  the  children  with  the  toy,  that  he  did  not  chip  in  a  quarter 
and  get  a  l^etter  instrument.  But  with  us  the  toy  is  the  plant, 
and  the  plant  is  there,  and  we  have  got  to  do  the  best  with  it  we 
can.  And  what  is  the  best?  My  innocent  experience  in  these 
things  has  shown  me  that  no  matter  how  good  the  plant  is,  and 
how  well  it  is  put  in,  it  will  not  work  of  itself,  as  the  toy  did  on 
Tremont  Street.  It  has  got  to  have  a  little  supervision.  You 
have  got  to  pay  a  little  money,  not  for  the  extremely  expert  knowl- 
edge, but  you  have  got  to  pay  a  little  monej'  for  horse-sense,  and 
it  is  mighty  hard  work  to  find  it, — just  plain,  common  horse- 
sense,  from  the  head  of  the  department  down  to  the  man  who 
shovels  the  coal. 

Now,  the  operation  of  a  plant  looks  simple.  It  is  nice  to  build 
cement  masonry  now,  for  we  can  make  pretty  structures,  and  can 
use  most  any  shape  or  form  and  get  any  strength  we  need,  we  can 
put  in  centrifugal  pumps  and  pipes  and  what-not  indefinitel}',  and 
all  manner  of  devices  which  on  paper  in  the  engineer's  office  look 
fine  and  when  thej'  are  erected  start  out  nicely.  But,  like  the  toy 
in  the  Christmas  carol,  the  thing  comes  to  a  stop,  or,  rather,  some 
of  the  wheels  don't  go  arountl.  I  am  not  speaking  of  any 
particular  plant,  you  understand;  I  am  simpl}'  speaking  of 
experience  with  plants  in  general.  The  same  may  be  true  of  other 
forms  of  filters  beside  mechanical  filters. 

When  those  wheels  come  to  a  stop,  some  one  has  got  to  find 
out  why  they  have  stopped.  And  it  has  been,  I  think,  the  practice 
of  most  of  those  companies  who  have  their  lousiness  interests  at- 
stake  to  look  after  these  plants  and  leave  directions  at  least  in 
tjpewTitten  form  how,  even  with  a  little  mechanical  experience, 
the  plant  may  be  run,  chemically  and  bacteriologically.  It  seems 
to  me  to  be  obvious  that  anv  one  who  wishes  to  continue  in  the 
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business  of  putting  in  these  plants  must  follow  up  the  experiences 
which  result  from  their  use.  And  those  experiences  have  been  in 
many  cases  most  interesting.  Where  a  device  will  accomplish 
one  thing  in  one  locahty,  the  same  device  in  another  locality 
will  not  accomplish  the  same  thing.  Perhaps  the  same  water  is 
used,  perhaps  the  same  instructions  are  given;  but  those  of  you 
who  have  had  experience  in  water  matters  know  that  with  a  freshet, 
or  with  a  hard  rain,  in  the  average  stream  what  is  the  water  of 
to-day  is  not  the  water  of  to-morrow.  What  takes  a  certain 
amount  of  chemical  to  accomplish  certain  results  in  purifying 
the  water,  so  that  the  proper  effect  will  be  produced  and  proper 
filtration  follow,  may  not  be  the  same  to-morrow.  So  it  may  be 
given  out  to  those  who  are  to  run  the  plant  that  ib/^y  have  a  water 
of  such  a  quality,  and  that  they  should  use  a  certain  quantity  of 
coagulant,  which  in  this  case  we  will  call  alum,  and  things  should 
run  as  they  ought  to.  But  a  little  while  after,  being  on  a  stream 
which  is  perhaps  influenced  by  mechanical  industries,  the  water 
begins  to  get  too  acid.  There  may  be  jewelry  establishments^ 
there  may  be  iron  works,  on  the  stream.  No  one  at  the  works 
knows  that  the  water  has  changed  in  its  acidity,  but  it  is  discovered 
that  the  color,  which  previously  was  below  10  on  the  graded  scale, 
has  run  up  to  40  or  50  without  any  particular  reason.  It  is  dis- 
covered, too,  that  the  bacteria  which  have  come  from  the  filter 
in  the  filtered  water  ranging  50  as  against  3  000  in  the  stream 
are  now  running  into  the  hundreds  in  the  filtered  water.  It  is  a 
puzzle  to  those  who  are  managing  the  plant,  and  the  question 
then  arises  what  is  to  be  done?  Simply  a  little  horse-sense  given 
out  in  the  beginning,  and  absorbed  by  the  individual  who  is  run- 
ning the  plant,  corrects  these  matters. 

It  is  necessary,  therefore,  that  there  should  be  some  control 
of  plants  by  an  authority  which  is  subservient  to  the  pubhc, 
a  commission  of  water  control,  or,  as  is  our  experience  in  most 
states,  the  board  of  health,  who  take  and  have,  as  in  Massachu- 
■  setts,  the  control  of  the  water  supplies  which  are  to  be  delivered 
to  the  constituents  of  the  board  of  health.  Unfortunately  in  our 
state  we  have  no  such  control.  It  must  be  remembered  that  many 
of  these  plants  are  placed  in  operation  under  the  pernicious  in- 
fluence of  an  individual  owner,  a  private  supply,  over  which  the 
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public  has  not  control;  or  it  may  be  that  a  city  council's  treasury 
runs  a  little  low,  and  there  is  a  cut  on  the  alum ;  and  there  comes 
another  question,  —  as  to  the  quality  of  the  alum.  Certain  alum 
was  given  in  the  beginning  and  it  worked  nicely ;  certain  sand  was 
given  and  that  worked  nicely;  but  for  economy's  sake  there  is  a 
curtailment  in  the  price  of  alum.  Along  comes  an  alum  producer, 
•  and  he  offers  a  barrel  of  alum  at  very  much  less  price  than  a  pre- 
vious purveyor  of  that  article,  and  we  don't  get  the  same  results; 
we  are  not  getting  the  same  amount  of  alum. 

Furthermore,  it  may  be  that  after  the  alum  has  worked  nicely 
it  is  found  that  the  water  has  become  too  acid  and  it  is  necessary 
to  add  a  certain  amount  of  alkalinity.  Now,  to  the  difference  in 
the  quality  of  the  alum  may  be  due  the  difference  in  the  amount 
of  alkalinity  which  is  added,  in  order  that  the  alum  may  bite  and 
have  its  agglutinating  effect  upon  the  organic  matter.  Otherwise 
the  ScJunutzdecke,  the  covering  upon  the  filter  sand,  does  not  form, 
and  the  result  is  that  water  comes  from  the  filter  which  is  not 
suitable  to  drink,  nor  for  mechanical,  bleaching  purposes,  or  steam 
production,  all  through  a  little  slip,  perhaps;  and  that  slip,  my 
experience  has  shown,  has  come  either  through  good-will,  politi- 
cal or  other  pernicious  influence  —  but  most  generally  good-will — 
whereby  old  John,  who  was  the  engineer  for  the  last  quarter  of 
a  century,  has  pumped  the  water  and  kept  the  machinery  well 
oiled,  is  put  in  charge  of  the  mechanical  plant  and  told  to  run  it. 
Things  may  run  wrong  for  awhile,  but  no  one  has  the  courage 
to  dismiss  him.  At  last  a  pension  may  be  found  for  him  and  a 
new  engineer  may  be  put  in  who  has  a  little  life  and  has  a  little 
common-sense;  instructions  are  given  him  which  are  followed  up 
and  controlled  by  the  chemist  or  bacteriologist,  whoever  is  in 
authority,  and  by  those  who  are  above  the  chemist  or  bacteriolo- 
gist who  has  control,  as  indicated  in  regard  to  water  commission 
controls.  Under  these  conditions  proper  results  can  be  obtained, 
and  a  clear,  pure  water  can  be  furnished  to  the  people. 

All  these  difficulties  and  troul)les,  or  others  like  them,  and  the 
sad  experience  which  comes  with  them,  —  and  which  comes  in 
nearly  every  plant  because  the  water  varies  and  the  influences 
which  control  the  plant  vary,  —  may  come  to  you  in  the  varying 
conditions  of  sand  filtration.    Perhaps  I  ought  not  to  speak  about 
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sand  filters  here,  where  I  am  on  their  native  heath,  so  to  speak. 
Perhaps  I  ought  not  to  say  a  word  with  regard  to  them,  but  I  am 
simply  telling  now  of  my  experiences.  With  sand  filtration  you 
have,  perhaps,  an  ideal  condition,  if  the  conditions  are  favorable, 
—  a  water  which  has  not  too  much  sediment  in  it,  plenty  of  good 
sand  in  the  immediate  vicinity  or  within  a  short  haul,  plenty 
of  area  which  is  not  expensive,  an  experienced  man  to  control 
the  plant,  and  good  workmen  to  work  under  him.  But,  unfor- 
tunately, here  politics  come  in.  There  must  be  fifty  men  hired 
where  twenty  would  do  the  work,  and  that  fifty  are  usually  of  the 
quality,  or  may  be  of  the  quality,  which  is  not  desirable  even 
for  shoveling  sand.  And  yet  it  is  expected  that  with  these  men  the 
sand,  which  must  be  removed  from  the  surface  of  the  beds,  will 
be  removed  nicel}'  and  carefully  in  order  that  the  surface  of  the 
beds  may  not  be  broken  up  and  disturbed.  It  can  be  done,  but 
it  requires  supervision  and  it  requires  experience  on  the  part  of 
those  who  have  control  of  the  plant.  When  I  look  upon  a  sand 
filter  plant  in  New  England,  and  compare  it  with  one  of  the  mechan- 
ical filters,  it  makes  me  think  seriously  of  ancient  Egypt,  where 
the  water  was  raised  from  the  river  bucket  by  bucket,  and  the 
manual  labor  which  was  required  to  introduce  the  water  into 
a  town  or  city  was  out  of  all  proportion.  If  mechanical  devices 
were  introduced,  as  the}"  are  in  mechanical  filtration,  with  the 
same  difficulties  and  the  same  chances,  it  would  seem  a  little  more 
Americanized  and  a  little  less  heathen.  But  the  heathen  are  wak- 
ing up,  I  understand,  for  mechanical  filtration  plants  are  now  being 
placed  in  India,  Egypt,  and  Japan. 

Now,  after  one  has  gone  through  all  this  enjoyment  and  pleas- 
ure of  seeing  the  operation  of  his  toy,  lots  of  little  difficulties  come 
up.  There  is  a  question  which  arises  as  to  the  method  of  cleaning 
the  bed,  whether  to  devote  three  or  four  whole  days  or  a  week 
to  cleaning  a  sand  bed,  and  then  take  a  week  or  so  for  washing  the 
sand  before  it  is  returned  to  the  bed,  and  then  have  all  the  labor 
to  perform  of  carrying  the  sand  back  to  the  bed.  Then  there  is 
the  difficulty  of  understanding  why  at  certain  times  when  our 
mechanical  bed  is  working  smoothly  and  nicely,  suddenly  there 
is  a  "  fluffing  "  of  the  sand  and  an  inoculation  of  the  whole  bed 
which  no  one  can  understand.    Those  are  matters  which  come  up 
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and  are  extremely  interesting,  and  as  they  come  to  us  at  times 
we  take  them  with  the  feeUng  that  we  are  glad  to  see  something 
different  in  order  to  have  the  pleasure  of  studj'ing  it  out.  There  is 
the  possibility  that  your  alum  feed  is  put  in  at  the  wrong  j)lace, 
so  that  there  is  not  sufficient  time  for  coagulation  of  the  alum, 
and  the  organic  matter  in  the  water  is  not  long  enough  in  contact 
Avith  the  alum. 

But,  after  all  is  done  and  told,  we  get  our  Ijeautiful  white 
water  in  our  sump  basin,  we  have  alumed  it,  we  have  hypochlorited 
it,  and  we  pass  it  into  our  reservoirs  in  that  state,  and  suddenly 
there  are  telephone  calls  from  all  parts  of  the  city  to  the  health 
department,  "  What  is  the  matter  with  the  filtered  water?  What 
kind  of  chemicals  have  been  put  into  it?  It  smells  as  if  all  the  dead 
clams  on  the  shore  had  got  into  your  reservoir."  Of  course  we 
know  what  to  do,  but  we  are  modest,  we  are  very  innocent,  and 
we  simply  say,  "  Those  are  the  beautiful  organisms  we  call  algte. 
If  you  could  only  see  the  beauties  of  these  algae  under  the  micro- 
scope you  wouldn't  smell  a  thing  in  the  water."  But  the  people 
have  no  microscopes,  and  they  don't  care  for  microscopes;  they 
simply  know  that  the  water  stinks,  and  if  something  isn't  done 
about  it  they  think  the  whole  population  will  die,  and  there  is 
trouble  for  the  health  department,  and  we  have  to  quiet  their 
feelings.  They  say,  "  How  long  is  this  going  to  continue?  "  We 
reply,  "  Well,  these  organisms  usuallj'  live  about  two  montlis, 
sometimes  three,  when  they  die  out,  and  then  the  thing  will  stop. 
And  it  will  stop  all  of  a  sudden,  too;  j'ou  will  be  surprised  and 
interested."  Well,  they  haven't  any  interest  iii  what  is  going  to 
happen  in  three  months;  they  are  interested  in  what  is  happening 
just  now.  So  our  friend  comes  to  the  front  with  his  chemical 
knowledge,  and  he  takes  a  bag  of  sulphate  of  copper  and  goes 
up  and  down  the  reservoir  —  and  he  does  it  early  in  the  morning 
when  nobody  else  is  looking  on,  for  fear  the  reporters  will  get 
hold  of  it  and  say  that  there  is  more  doping  of  the  water  going 
on;  and  he  succeeds  in  bringing  al)out  a  beautiful  result.  In  a 
couple  of  days  the  alg*  have  disapjieared,  and  the  odor  has  dis- 
appeared, except  what  may  be  left  in  the  pipes.  But  in  a  few 
days  there  is  more  trouble.  An  examination  of  the  water  shows 
that  while  we  have  killed  off  the  asterionella,  or  some  other  organ- 
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ism,  another  little  "  bug  "  has  come  to  the  front  which  can  live  where 
the  other  one  can't;  but  we  haven't  quite  so  much  to  apologize 
for  because  there  is  now  a  geranium  or  lemon  odor,  yet  that  is 
sufficient  so  that  the  users  of  the  water  are  disgusted  with  the  plant. 

We  have  no  control  of  that  at  the  present  time.  It  is  imprac- 
ticable to  cover  over  the  reservoirs  so  that  this  clear  water,  in 
which  the  organisms  grow  with  so  much  facility,  can  be  protected 
from  the  rays  of  the  sun.  Therefore,  we  have  got  to  find  out  — 
and  that  is  something  which  all  of  us  ought  to  put  a  hand  to  — 
how  to  prevent  the  algse  getting  in  to  start  with,  how  to  prevent 
the  little  seeds  from  going  from  place  to  place,  and  if  it  is  possible  to 
kill  them  out  in  one  place  so  that  they  will  not  be  blown  to  another. 
Here  arises  a  line  of  study  which  will  be  held  open  to  those  of  the 
coming  generation.  We  had  hoped  it  might  be  finished  here  with 
us,  but  unfortunately  it  apparently  will  not  be. 

There  is  one  thing  with  regard  to  mechanical  filtration  which 
interests  me,  and  it  is  not  clear  to  my  mind,  although  those  who 
have  charge  of  the  introduction  of  these  plants  can  explain  it  to 
you  very  lucidly,  and  that  is  the  difference  between  the  air-wash, 
and  water  wash  with  the  mechanical  agitation  of  the  rake.  I 
have  seen  both  plants  in  operation  and  have  watched  the  rakes 
go  "round,"  and  personally  I  can  see  very  little  difference.  For 
instance,  I  assume  that  the  air-wash  is  the  forcing  of  air  under- 
neath the  bed,  which  has  settled  down  or  choked  after  the  filtra- 
tion has  been  completed,  so  as  to  break  up  this  Schmutzdecke 
or  covering  of  coagulated  sediment  which  has  formed  on  the  top. 
The  wash  water  from  below  carries  off  this  surface  of  decayed 
material,  the  bed  is  then  allowed  to  settle  down  to  its  normal 
state,  the  sand  having  been  cleaned,  and  the  operation  again 
goes  on.  In  the  mechanical  or  rake  pattern,  the  tanks  instead 
of  being  oblong  are  circular  and  revolving  rakes  cause  an  attri- 
tion or  contact  of  the  bars  against  the  sand,  and  grains  of  sand 
against  each  other,  theoretically  scouring  the  sand  more  thoroughly 
than  the  air-wash. 

But  with  all  the  air-wash  there  comes  at  times  a  condition 
of  the  "  fluffing  "  of  the  bed.  The  bed  seems  to  be  spongy,  and 
for  no  particular  reason.  The  grains  of  sand  do  not  seem  to  be 
covered  with  any  particular  slime,  but  there  seems  to  be  softness 
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to  the  bed  which  does  not  allow  jxTfect  filtration.  Then  we  begin 
to  say  that  the  air-wash  is  at  fault,  until  we  find  that  in  the  same 
kind  of  a  plant  the  beds  with  the  rakes  begin  to  fiuff  also.  I 
shall  not  attempt  to  tell  you  why  this  is,  because  I  do  not  know. 
There  may  be  others  here  who  are  experts  in  the  work  who  can 
tell  you,  and  they  will  tell  you,  perhaps,  for  a  consideration, 
or  out  of  the  kindness  of  their  hearts.  At  any  rate,  it  is  a  thing 
to  be  found  out,  and  is  extremely  interesting. 

Now,  gentlemen,  these  are  some  of  the  experiences  which  have 
hapjDened  to  me  as  an  individual,  and  as  an  official  of  a  board 
of  health.  Possibly  some  of  you  may  have  had  such  experiences, 
and  many  of  you  will  have  them  in  the  future;  but  pray,  when 
you  go  to  buy  your  plant,  whether  it  be  sand  or  mechanical, 
stop  and  think  whether  it  is  a  smooth  waxed  floor  that  the  toy 
is  going  to  be  run  on,  or  whether  there  is  going  to  be  a  carpet  there; 
stop  and  think  whether  it  isn't  policy  to  take  twenty-five  cents 
out  of  5'our  pocket  and  spend  it  rather  than  to  get  a  cheap  toy. 
Go  to  those  who  understand  these  things,  to  the  engineers  who 
have  had  experience.  They  have  different  opinions  among  them, 
but  they  all  have  one  common  source  and  fount  of  knowledge, 
and  they  have  the  same  opinion,  really,  although  they  may 
express  it  a  little  differently.  They  can  tell  you,  and  you  ought 
not  to  try  to  use  your  correspondence  course  in  this  line,  for  it 
will  be  expensive.  Go  to  those  who  understand  the  work  and 
have  been  through  all  these  troubles.  I  am  not  speaking  of  those 
who  sell  the  plants,  or  those  alone  who  have  the  knowledge  to  tell 
you  how  to  select  a  particular  plant  or  how  to  care  for  a  particu- 
lar water,  but  go  and  learn  from  the  experience  which  comes  to 
you  from  such  sources  as  the  State  Board  of  Health  of  Massa- 
chusetts, which  has  devoted  years  and  years  to  a  study  of  the 
questions  of  filtration,  and  whose  tomes  and  volumes,  which 
seem  to  you  to  be  endless  in  the  way  of  figures  and  lines  and  col- 
umes,  have  been  the  source  of  valuable  knowledge  which  has  been 
acted  upon  throughout  the  whole  world,  for  the  benefit  of  civili- 
zation and  for  the  benefit  of  all  those  who  have  taken  up  this  tjues- 
tion. 

Now,  gentlemen,  you  are  all  water-works  men.  You  know  how 
the  pumps  work,  you  know  how  the  filters  ought  to  work,  you 
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may  have  had  some  of  these  experiences  or  you  may  have  had 
others.  But  all  I  can  ask  is  that  you  will  take  the  statements 
which  I  have  given  to  you  to-day  and  think  them  over  before  you 
attempt  to  indulge  in  the  luxury  of  a  five-cent  toy.  Then  I  think, 
perhaps,  our  time  will  have  been  fairly  well  spent. 

DISCUSSION. 

Mr.  Gilbert  H.  Pratt.*  Dr.  Swarts's  experiences  and  mine 
have  been  linked  together  for  the  last  five  years,  and  in  that  time 
I  think  I  have  met  nearly  all  the  difficulties  that  he  has  spoken  of. 
The  thing  resolves  itself,  in  a  few  words,  to  the  concluding  remarks 
that  the  doctor  made,  and  I  would  express  it  in  this  way:  When 
you  want  advice,  go  to  a  good  doctor;  and  when  you  think  that 
you  may  have  some  trouble  the  matter  with  you,  don't  try  to 
fix  yourself  up. 

I  wish  to  emphasize  the  point  that- the  doctor  made,  that  waters 
vary  greatly  even  in  the  same  locality,  and  the  same  waters  will 
vary  to  a  decided  extent  from  month  to  month,  and  at  times 
from  day  to  day.^  I  have  had  experiences  in  connection  with 
municipal  water  works  and  in  consultation  work  I  have  had  to  do. 
with  mill  plants,  where  I  have  had  that  fact  brought  very  forcibly 
to  my  notice,  —  where  waters  which  might  be  of  a  certain  char- 
acter at  one  time,  to  use  a  crude  expression,  "  went  all  to  pieces," 
and  could  not  be  handled  by  the  previous  process,  —  not  that  the 
essential  process  was  at  fault,  but  in  some  little  point  some  little 
change  had  taken  place. 

Thc'variation  in  the  flow  of  the  stream  as  to  its  alkaline  contents 
is  a  very  serious  proposition  which  keeps  coming  up  all  the  time. 
In  one  case  which  I  have  in  mind,  a  mill  plant  had  operated  beauti- 
fully for  years,  and  then  things  went  all  to  pieces  so  far  as  the 
output  was  concerned.  All  that  was  needed  in  that  case  was  the 
introduction  of  a  very  small  dose  of  carbonate  of  soda,  and  the 
plant  was  on  its  feet  again,  turning  out  the  same  bright  water. 

Mr.  Harry  W.  Clark,  f  I  have  no  prejudice  against  me- 
chanical filters  in  their  right  place  and  if  they  will  do  the  work 
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that  other  filters  will.  You  must  remember,  however,  that  the 
primary  object  of  a  health  board  when  advising  in  regard  to  water 
filtration  is  generally  to  be  sure  that  the  health  of  the  people  is 
to  be  benefited  by  such  filtration.  Of  course  there  are  times 
when  the  only  object  is  the  improvement  of  the  physical  char- 
acter of  a  water.  Obtaining  a  nice-looking  effluent  is  not  often 
the  first  thing  to  think  of,  however,  important  as  that  is.  The 
first  thing  to  be  considered  is,  generally,  will  filtered  water  improve 
the  health  of  the  people  using  it? 

I  would  like  to  call  your  attention  for  a  few  minutes  to  an  article 
written  recently  by  Dr.  Sedgwick,  of  the  Institute  of  Technology, 
and  Mr.  McNutt,  a  health  officer  in  a  New  Jersey  town.  This  arti- 
cle was  published  in  a  late  number  *  of  the  Journal  of  Infectious 
Diseases,  and  is  a  description,  with  illustrations,  of  what  the  authors 
call  the  Mills-Reinke-Hazen  theory,  which  is  that,  wherever 
slow-sand  filtration  plants  are  introduced,  not  only  are  the  deaths 
from  typhoid  reduced,  but  the  total  number  of  deaths  from  other 
diseases  also.  Mr.  Mills,  the  engineer  member  of  the  Massachu- 
setts State  Board  of  Health,  discovered  this  to  be  true  when 
studying  the  death  records  of  Lawrence  after  the  introduction 
of  sand-filtered  water.  Compared  with  a  number  of  years  before 
the  introduction  of  this  water,  the  deaths  of  the  city  decreased 
after  the  construction  of  the  filter  15  or  18  per  cent.;  that  is,  the 
death  rate  went  down  from  something  like  23  to  16  or  17  per 
1  000;  I  do  not  remember  the  exact  figures.  Now,  in  this  article 
by  Sedgwick  and  McNutt,  the  results  upon  the  health  of  the  people 
of  the  construction  and  operation  of  what  they  call  eight  sand- 
filter  plants,  are  given,  the  results  being,  of  course,  shown  by  deaths 
from  typhoid  fever  and  total  deaths  from  all  causes.  In  the  arti- 
cle they  speak  of  the  great  reduction  at  Hamburg,  Lawrence, 
Albany,  etc.,  where  sand-filter  plants  are  in  operation,  —  and  they 
include  Watertown  and  Binghamton,  N.  Y.,  in  the  list  of  sand 
filters  also.  As  a  matter  of  fact,  however,  Watertown  and  Bing- 
hamtom  have  mechanical  filter  plants.  Sedgwick  and  McNutt 
do  not  seem  to  realize  this,  and  call  attention  to  the  fact  that  these 
two  plants,  namely,  those  at  Watertown  and  Binghamton,  do 
not  follow  the  general  rule  of  sand  filters  in  the  reduction  of  the 

*  Vol.  7.  p.  489. 
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death  rate  of  the  community  they  serve.  If  you  will  stud}'  broadly 
the  reduction  of  death  rates  at  various  places  after  the  introduc- 
tion of  sand  filters  or  mechanical  filters,  you  will  see  clearly, 
I  beheve,  that  almost  invariably  when  a  good  sand  filter  is  put  in, 
not  only  are  tj^phoid  and  typhoid  death  rates  very  materially 
reduced,  but  the  total  death  rate  also,  and  that  following  the  intro- 
duction of  mechanical  filter  plants  of  the  best  design,  the  death 
rate  in  communities  served  by  them  is  not  reduced  as  distinctly 
as  by  slow-sand  filters.  I  do  not  say  that  there  may  not  be  some 
other  cause  than  the  different  methods  of  filtration,  and  that  there 
are  not  exceptions  to  the  general  rule,  but  the  statement  made 
is  true.  So  I  wish  to  repeat  that  the  first  province  of  a  health 
board  is  to  advise  in  regard  to  the  health  of  the  people,  and  in  the 
subject  under  discussion  the  probable  effect  upon  their  health 
of  a  proposed  filter  plant.  When  mechanical  filters  can  show  as 
good  results  as  sand  filters  in  this  respect,  there  will  be  more 
to  be  said  in  their  favor.  Of  course  I  know  about  a  lot  of  these 
mechanical  filter  difficulties  in  Rhode  Island  and  elsewhere, 
and  I  do  not  mean  to  say  that  there  are  not  difficulties  often  in 
the  operation  of  sand  filters.  I  know  also,  as  Dr.  Swarts  has  said, 
that  mechanical  filters  are  in  operation  in  India,  Japan,  Egypt, 
and  other  foreign  countries.  I  think,  perhaps,  they  ought  to  be 
operated  there  first,  for  the  old  reason  of  "  tr^dng  it  on  the  dog." 
Personally,  I  like  to  see  the  water  that  comes  from  a  good  mechan- 
ical filter  plant.  It  is  generally  clear,  colorless,  and  attractive. 
There  is  no  doubt  that  many  people  like  it  and  I  do  not  doubt  that 
mechanical  filters  of  modern  construction  when  well  operated  with 
the  waters  to  which  they  are  best  adapted,  produce  a  satisfactory 
effluent  at  many  places.  With  the  clear,  soft  waters  of  Massa- 
chusetts, however,  free  or  nearly  free  from  turbiditj^,  mechanical 
filters  appear  to  be  unnecessary,  and  we  must  not  forget  the  first 
reason  for  filtration  of  polluted  water,  —  improvement  of  the 
health  of  the  communit}^ 

Mr.  Robert  S.  Weston.*  When  we  consider  the  difference 
between  the  point  of  view  of  those  who  favor  mechanical  filters 
and  that  of  those  who  favor  sand  filters,  we  ought  also  to  realize 

*  Sanitary  expert,  Boston,  Mass. 
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how  much  nearer  these  points  are  to  each  other  to-claj'  than  they 
were  a  few  j'ears  ago.  We  can  remember,  for  instance,  when  a 
sand  filter  which  operated  at  a  rate  of  2.6  miUion  gallons  per  acre 
per  da}'  was  considered  to  be  the  standard,  and  when  the  mechani- 
cal filter  companies  were  advertising  and  selling  filters  based  on 
a  rate  of  something  like  250  to  300  million  gallons  per  acre  per 
day.  Then  we  had  a  series  of  studies  by  the  Massachusetts 
State  Board  of  Health,  by  Mr.  Fuller  and  others,  which  has  re- 
sulted, I  think,  in  reducing  the  rate  of  mechanical  filters  to  some- 
thing like  125  million  gallons  per  acre  per  day;  and  increasing 
the  rate  for  sand  filters  to  from  6  to  10  millions  gallons  per  acre 
per  day.  Thus  the  rates  of  filtration  are  approaching  one  another. 
It  operates,  of  course,  to  reduce  the  difference  in  construction 
cost  between  these  two  filters. 

Then,  again,  there  has  been  a  great  improvement  in  the  method 
of  cleaning  and  operating  sand  filters.  It  is  a  great  disadvantage 
in  the  operation  of  sand  filters  under  existing  conditions  that  such 
a  large  crew  is  necessary  to  scrape  the  sand  beds.  This  is  espe- 
cially disadvantageous  when  the  sand  has  to  be  cleaned  frequentl}-, 
which  is  the  case  with  a  water  which  is  between  the  clear  type 
of  water,  to  which  sand  filters  are  especially  applicable,  and  the 
turbid  tj'pe,  which  is,  perhaps,  most  readily  purified  by  mechanical 
filtration.  In  such  cases,  where  scraping  must  occur  frequenth', 
the  labor  cost  is  very  high,  thus  assisting  a  movement  which, 
I  think,  is  towards  the  mechanical  type  of  filter.  The  first  step 
in  that  development  was  taken,  I  think,  at  Lawrence,  where 
the  scraped  off  sand,  instead  of  being  transported  in  wheelbarrows 
to  the  sand  washing  floor,  was  removed  b}^  ejectors.  Subsequently, 
at  Washington,  the  sand  was  removed  by  ejectors,  washed,  stored 
in  bins  and  then  carried  back  by  carts  and  men.  ]\Iore  recently 
ejectors  have  supplanted  the  carts,  and  finally  a  machine  has  been 
devised  for  cleaning  the  sand  in  place,  by  which  the  sand  is  taken 
off  of  one  filter  by  a  scraping  machine  and  passed  througii  an 
ejector  and  washer  into  an  unused  filter. 

Another  step  in  this  direction  is  the  Blaisdell  system,  wiiere 
the  sand  is  washed  in  place  by  what  is  practically  a  tra\'oling 
hydraulic  rake.  If  traverses  the  surface  of  the  sand,  and  by 
means  of  hydraulic  jets  reaching  down  into  the  sand  transforms 
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successive  portions  of  the  area  into  mechanical  filters  for  the  time 
being,  as  far  as  the  cleansing  process  is  concerned. 

Then  another  way  in  which  I  think  the  sand  filter  is  imitating 
the  mechanical  filter  is  in  the  arrangement  of  the  pipes  and  rate- 
regulating  devices.  The  New  Haven  filters  were  the  first  step 
in  this  direction.  The  sand  filters  instead  of  being  placed  along 
both  sides  of  a  court  were  arranged  on  two  sides  of  a  gallery,  like 
mechanical  filters,  with  the  piping  all  exposed.  In  this  way  I 
think  the  sand  filter  has  been  improved  by  the  presence  of  the  me- 
chanical filter,  just  as  the  old  system  of  dosing  with  mercury  and 
drugs  was  improved  by  the  promulgation  of  the  homoeopathic 
theories  of  medical  treatment.  Likewise  both  slow  sand  and  me- 
chanical filters  may  be  succeeded  by  systems  possessing  the  ex- 
cellencies of  both,  for  the  more  one  studies  the  facts  the  more  one 
realizes,  first,  that  there  is  no  one  type  of  filter  suited  to  all  types 
of  water;  and,  second,  the  two  types  of  filters  which  we  call 
slow  sand  and  mechanical  are  a  great  deal  nearer  together  in  their 
design  than  they  were  fifteen  years  ago. 

Another  point,  mentioned  several  times  before,  may  be  em- 
phasized. It  is  the  value  of  appearance.  When  one  advocates 
a  water  supply,  especially  a  purified  water  supply,  one  must  prom- 
ise water  which  is  agreeable,  or  people  will  not  drink  it.  If  they 
will  not  drink  the  water  they  will  go  to  springs  for  their  drinking 
supply,  and  these  may  have  any  sort  of  sanitary  character  what- 
ever. For  that  reason  it  is  as  much  a  matter  of  sanitary  impor- 
tance to  furnish  water  of  good  appearance,  such  as  a  mechanical 
filter  can  produce  with  a  highly  colored  water,  or  a  sand  filter 
with  a  fairly  clear  water,  as  to  reduce  the  number  of  bacteria 
contained  in  the  water. 

We  very  soon  will  have  an  example  of  the  two  types  of  filters 
operating  with  one  water  at  Montreal,  where,  I  understand, 
mechanical  filters  will  be  used  for  a  part  of  the  supply,  while  the 
rest  of  the  city  Avill  probably  be  supplied  through  sand  filters, 
operating  at  a  10  000  000-gallon  rate. 

Dr.  Swarts.  I  have  nothing  particular  to  say  in  closing 
the  discussion,  except  to  state  that  I  am  very  much  pleased  to 
hear  Dr.  Clark  state  that  there  may  be  other  influences  than 
filtration  which  will   cause  a  decrease  of  mortalitv  sometimes. 
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If  we  depended  upon  statistics  entirely,  for  information  with  regard 
to  the  advantages  of  a  filter,  we  should  hardly  want  to  hark 
back  to  conditions  at  Washington,  where  an  ideal  santl-filter  plant 
has  been  installed  and  pure  water  secured,  and  immediately  the 
t^-phoid  death  rate  rises.  Not  one  of  us  would  assmne  that  the 
plant  was  at  fault,  that  it  wasn't  a  perfect  filter,  and  yet  the 
typhoid  fever  rate  goes  up.  There  are  other  influences,  and  those 
influences  are  not  all  discoverable,  for  by  a  thorough  examination 
made  of  5  000  cases  of  typhoid  within  a  certain  time  in  the  Dis- 
trict of  Columbia,  through  the  Marine  Hospital  Service  and  that 
of  the  local  district  authorities,  it  was  found  that  one  could  as- 
certain the  cause  of  typhoid  fever  in  only  about  65  per  cent, 
of  the  cases;  and  of  that  number  those  who  partook  of  filtered 
water  made  up  only  about  15  to  20  per  cent.  Where  the  largest 
amount  occurred  was  where  water  was  used  which  was  taken 
from  other  sources.  So  I  think  statistics  are  a  little  deceiving,  and 
ought  not  to  be  quoted  against  any  sand  or  mechanical  filter  plant. 

Mr.  Clark.  I  agree  entirely  with  what  Dr.  Swarts  says  so 
far  as  it  goes.  We  can  pick  out  special  instances  in  almost  any 
matter  to  illustrate  the  other  side,  but  I  am  talking  about  average 
results  from  average  good  sand  filters  and  average  good  mechani- 
cal filters. 

Mr.  Robert  E.  Milligan.*  Mr.  President,  it  has  been  a  real 
pleasure  to  me  to  hear  the  apologies  for  slow-sand  filtration. 
In  the  last  twenty-five  years  I  have  had  occasion  to  examine  and 
to  hear  results  from  both  sides.  While  it  is  unfortunate,  in  one 
sense,  that  I  might  be  considered  as  predisposed  toward  mechani- 
cal filtration  unduly,  I  hope  the  Association  will  quite  believe  me 
when  I  say  that  my  sympathies  are  with  the  branch  of  water 
purification  that  I  have  been  identified  with  so  many  years. 
Mr.  Clark  has,  of  course,  made  certain  statements  which  I  think 
any  one  can  recognize  as  opposed  to  mechanical  filtration,  and 
identifies  two  particular  plants  as  being  notable  failures  in  that 
respect.  Speaking  from  memory  in  answer  to  this  (while  I  am 
sure  he  is  sincere  in  desiring  information),  I  think  the  case  of  El- 
mira  is  an  exceedingly  poor  citation  in  this  connection.  Possibly 
no  city  in  the  United  States  has  been  so  carefully  combed  for 

*  Mdnager  Now  York  Continental  Jewell  Filtration  Company. 
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sanitary  results  as  that  same  city  of  Elmira,  and,  so  far  as  I  could 
ever  see,  chiefly  because  they  were  unfortunate  enough,  some 
fifteen  or  sixteen  years  ago,  to  put  in  a  mechanical  filter  plant 
in  opposition  to  the  slow-sand  method.  In  the  Washington  in- 
vestigation, Elmira  was  used  as  a  horrible  example  —  and  per- 
haps the  most  horrible  example  at  that  time  —  that  was  forth- 
coming against  mechanical  filtration.  Notwithstanding  the  fact 
that  mechanical  filters  had  been  introduced  there  and  had  been 
in  operation,  I  l)elieve,  about  two  years,  there  wasn't  anj-  notice- 
able decrease  in  deaths  from  typhoid  fever.  The  explanations 
of  the  superintendent  and  the  local  board  of  health  as  to  this 
were  apparently  not  satisfactory  to  the  commission  who  were 
interested  in  recommending  slow-sand  filters  for  the  city  of  Wash- 
ington. These  gentlemen  of  Elmira  having  some  idea  that, 
being  United  States  citizens  with  very  strong  backbones,  it  was 
possibly  up  to  them  to  put  in  shape  the  reason  why  the  cit}'  of 
Elmira  had  failed  to  disclose  the  reduction  in  typhoid  fever  that 
anybody  with  a  sane  and  normal  mind  would  expect  would  follow 
the  introduction  of  mechanical  filtration,  the  situation  was  inves- 
tigated, and  it  can  easily  be  proved  to  Mr.  Clark,  or  to  the  Massa- 
chusetts State  Board  of  Health,  that  the  cases  in  Elmira  which 
showed  the  high  death  rate  from  typhoid  fever  were  almost  wholly 
due  to  wells  and  other  causes  among  the  water-takers  who  did  not 
use  the  supply  that  the  water  company  of  the  city  of  Elmira 
furnished  from  mechanical  filters. 

The  city  of  Elmira  was  supplied  by  water  from  a  water  company, 
which,  of  course,  is  against  them  on  the  face  of  it.  These  gentle- 
men naturally  could  not  supply  any  more  takers  than  were  quite 
willing  to  take  the  water  from  the  water  company.  No  coercion, 
of  course,  was  possible,  and  each  man  who  had  a  well  in  his  back 
yard,  and  each  milkman  who  washed  his  cans  from  a  well  in  his 
back  3^ard,  had  a  grievance,  and  a  'prima-facie  case,  in  opposition 
to  the  water  company  who  were  furnishing  a  bright,  clear,  and,  as 
the  water  company  contended  and  the  analysis  showed,  sanitarily 
pure  water.  I  do  not  believe  any  one  who  will  take  the  results 
from  the  city  of  Elmira  the  last  ten  years,  take  the  analyses  —  and 
they  have  been  compiled  without  an}^  leaning  or  bias  towards 
the  process  of  mechanical  filtration  —  could  doubt  for  a  single 
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minute  that  they  have  enjoyed  one  of  the  most  potable  and  pure 
supphes  in  the  United  States.  These  are  statistics,  and  it  certainly 
is  a  great  pleasure  to  me  to  call  Mr.  Clark's  attention  to  them 
and  I  would  be  very  glad  indeed  to  furnish  the  data  at  any  time 
proving  these  simple  facts. 

There  was  another  point  raised  by  Dr.  Swarts  that  I  should 
like  to  speak  of,  getting  back  to  mechanical  filtration,  and  that  is, 
the  devices  that  are  peculiar  to  it.  I  want  to  say  right  here  that 
it  isn't  very  difficult  to  differentiate  between  the  two  processes 
of  filtration,  notwithstanding  Mr.  Weston's  very  clever  assimila- 
tion of  these  radically  different  processes.  The  fact  remains  that 
mechanical  filtration  dei)ends  very  largely  on  the  use  of  a  coagu- 
lant, of  a  chemical,  —  any  word,  no  matter  how  harsh,  —  to  coagu- 
late the  water  before  it  goes  to  the  sand  beds.  In  the  sj'stem 
which  Mr.  Weston  has  called  to  your  attention,  they  have  raised 
the  rate  to  10  000  000  gal.  per  acre  as  against  2.6;  but  you  must 
not  lose  sight  of  the  fact  that  Wilmington  in  raising  the  rate 
of  slow-sand  beds  has  not  forgotten  to  first  purify  the  water  through 
a  mechanical  filter,  using  a  coagulant.  I  am  not  calling  attention 
to  this  in  any  sense  of  criticism.  Notwithstanding  the  fact  that 
the  process  known  as  slow-sand  filtration  came  from  Europe,  does 
it  really  follow  that  the  American  idea  of  coagulating  water, — 
and  it  is  purely  an  American  idea  so  far  as  mechanical  filtration 
as  a  means  of  purifying  water  supplies  is  concerned,  —  because 
it  is  an  American  idea,  should  receive  the  opprobrium  and  tlie  cen- 
sure not  only  of  the  great  body  of  engineers  but  of  the  state  board 
of  health  as  well?  It  may  be  that  the  two  things  are  coming 
closer  together;  but,  if  they  are,  it  must  be  evident  to  any  one 
who  has  ever  been  associated  with  the  purification  of  water  that 
mechanical  filtration  is  not  stepping  in  that  direction  as  fast, 
nearly  as  fast,  as  slow-sand  filtration  is  coming  towards  the  process 
that  you  all  know  as  mechanical  filtration. 

In  regard  to  the  air-wash  and  the  agitator,  there  is  a  great 
division  of  opinion  to-daj^  and  there  probably  always  will  l)e, 
as  to  whether  a  mechanical  filter  can  be  washed  as  well  by  air 
as  it  can  by  an  agitator.  I  suppose,  if  I  l^elong  to  anj-  school, 
I  might  be  termed  an  air-washing  filtration  man;  and  yet  I  am 
not  satisfied  in  mv  own  mind  that  we  have  got  vvv\  much  bovond 
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the  value  of  a  rake  or  an  agitator  in  washing  sand.  I  suppose, 
and  I  guess  ]\Ir.  AVeston  will  bear  me  out,  that  there  has  only 
been  one  real  test  that  would  satisfy  everybody  made  in  this  coun- 
try as  to  the  comparative  value  of  an  air-washing  filter  and  an 
agitator  filter  under  exact  conditions  with  the  same  capacities; 
if  I  am  not  mistaken,  that  was  under  the  direct  observation  of 
Mr.  Weston  himself  at  New  Orleans.  And  if  my  recollection 
serves  me  further,  the  result  there  was  that  the  effect  of  washing 
a  sand  bed  with  air  as  opposed  to  washing  with  the  agitator  was 
sufficiently  similar  that,  all  other  conditions  being  the  same,  there 
wasn't  any  reason  why  one  or  the  other  process  should  not  be 
used.  That  is  as  near  as  my  memory  of  the  particular  case  goes, 
and  I  think  Mr.  Weston  will  bear  me  out. 

So  far  as  the  case  both  Dr.  Swarts  and  Mr.  Gilbert  Pratt  re- 
ferred to,  of  the  fluffing  of  the  sand  bed,  which  occurred  at  Bristol- 
Warren,  R.  I.,  my  own  estimate  of  that  condition  was  that  it 
was  due  not  in  any  sense  to  the  method  of  washing.  The  Bristol- 
Warren  supply  is  probably  as  difficult  a  supply  to  handle  as 
exists  within  my  knowledge  of  purification  to-day.  The  color 
has  gone  as  high  as  180,  which  is  about  the  color  of  strong  coffee. 
In  addition  to  that,  if  there  is  any  form  of  alg£e  which  does  not 
exist  there,  it  is  simply  because  no  one  has  ever  taken  the  trouble 
to  catalogue  it;  it  was  there,  I  am  satisfied.  Now,  we  all  know 
that  in  the  last  two  or  three  years  most  of  the  ponds  and  im- 
pounded reservoirs  in  the  country,  and  the  sections  of  the  country 
which  depend  on  them,  have  been  subjected  to  considerable 
drought,  and  all  the  conditions  which  turn  the  hair  of  the  filtration 
man  white  have  been  present  to  a  tremendous  extent  —  and 
Bristol-Warren  wasn't  any  exception  to  that  condition. 

My  idea  is  that  the  algae  condition  at  Bristol-Warren  pro- 
duced a  raw  water  carrying  to  the  filters  a  large  quantity  of 
soluble  and  suspended  organic  matter,  mostly  soluble,  for  there 
is  very* little  suspended  organic  matter  in  the  water,  as  I  remember 
it,  and  this  organic  matter  was  drawn  into  the  bed  beyond  what 
might  be  called  the  filtering  zone,  that  is,  the  eight  or  ten  inches 
from  the  surface,  into  the  Ijody  of  the  bed,  where  it  became  a  source 
of  secondary  pollution;  and  no  matter  what  percentage  of  the 
amount   may   have   been    removed    by   the   superimposed    layer 
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of  coagulum,  the  partially  purified  water  coming  into  contact 
with  this  mass  of  rich  organic  soluble  material  again  received  its 
quota  of  food,  and  the  bacteria  increased  to  an  extent  which 
was  almost  inconceivable.  There  is  nothing  really  new  about  it. 
The  old  Warren  mechanical  filter,  for  example,  with  its  dark, 
clear  water  basin  underneath,  sometimes  developed  that  trouble, 
and  we  could  tap  almost  any  part  of  the  filter  bed  above  the  strainer 
system  and  get  90  to  99  per  cent,  reduction  of  bacteria;  and  yet 
in  the  under  channels  there  was  found  increase  at  times  due  to 
inefficient  methods  of  washing  or  perhaps  construction.  Now, 
whether  or  not  in  the  case  of  Bristol-Warren  an  agitator  as  opposed 
to  the  air-wash  would  have  removed  the  difficulty,  there  is  no  way 
of  knowing.  Apparently  not.  As  I  say,  the  only  real  knowledge 
we  have  as  to  the  relative  merit  of  the  two  methods  is  from  those 
experiments  at  New  Orleans  where  an  air-washing  filter  and 
an  agitator  filter  side  by  side  operated  under  exactly  the  same 
conditions. 
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REPORT  OF  THE  COMMITTEE  APPOINTED  TO  INVES- 
TIGATE   THE   CONDITIONS    UNDER    WHICH    EX- 
TENSIONS OF  MAIN  WATER  PIPES  ARE  MADE. 

[Presented  January  11,  1.911.] 

To  the  New  England  Water  Works  Association,  —  Your  com- 
mittee appointed  to  investigate  the  conditions  under  which  exten- 
sions of  main  water  pipes  are  made  in  municipally  owned  water 
works,  particularly  with  reference  to  the  requirement  of  a  guaranty, 
respectfully  report  as  follows: 

A  blank  form,  copy  of  which  is  reproduced  in  Appendix  A,  was, 
prepared  and  sent  to  all  the  municipally  owned  water  works  in 
New  England  as  far  as  we  had  record  of  them ;  also  to  our  members, 
who  have  charge  of  similar  works  in  other  parts  of  the  country. 
Through  oversight,  a  number  of  these  forms  were  also  sent  to 
members  who  are  managing  private  water  companies,  and  a  few 
of  these  have  replied  with  statistics  which  are  outlined  below,, 
although  these  are  without  the  field  of  the  inquiry  as  planned. 

One  hundred  and  forty-one  replies  from  municipal  works  were 
received.  The  principal  data  contained  in  these  replies  are  pre- 
sented in  Table  1,  below,  which  shows  the  municipalities  which 
do  and  which  do  not  require  a  guaranty,  and  the  terms  of  such 
guaranties  as  far  as  they  can  be  stated  in  a  few  words. 

It  should  be  noted  that,  practically  without  exception,  these 
guaranties  are  required  only  when  there  is  doubt  about  getting 
sufficient  income,  in  the  form  of  water  rates,  from  an  extension  of 
the  pipes. 

Analyzing  the  returns  in  a  rough  way,  it  is  seen  that  73  places, 
or  52  per  cent,  of  those  reporting,  require  a  guaranty,  and  68 
places,  or  48  per  cent.,  do  not.  In  this  classification,  works 
reporting  that  guaranties  are  "  usually  "  or  "  sometimes  "  required 
are  included  among  those  giving  a  positive  answer,  while  those 
which  "rarely"  require  guaranties  are  included  in  the  negative 
column.     In  a  general  way,  therefore,  it  may  be  said  that  about 
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one  half  of  the  municipal  water  works  n^quire  guaranties  before 
extending  water  pipes  in  regions  where  the  returns  are  doubtful, 
and  the  other  half  do  not. 

An  examination  of  the  table  indicates  further  that  the  practice 
of  requiring  guaranties  is  more  common  in  small  towns  than  in 
the  larger  cities,  although  this  rule  is  by  no  means  invariable,  since 
Boston  requires  a  guaranty  in  the  form  of  a  cash  deposit,  equal  to 
25  per  cent,  of  the  estimated  cost  of  the  pipe  line  (or,  in  other 
words,  the  equivalent  of  5  per  cent,  income  for  five  years). 

With  regard  to  the  amount  of  the  guaranty,  the  practice  is  not 
by  any  means  uniform;  indeed,  the  percentage  of  cost  which  is 
considered  a  fair  return  varies  very  widel}^,  as  shown  bj'  the  fol- 
lowing statement : 

10  places  require  a  guaranty  of    4  per  cent. 


17 
19 

4 

8* 
13 

1 


o 

6 

7 

8 
10 
12i 


The  average  percentage  for  these  72  places  being  7.6  per  cent. 

It  is  worthy  of  note  that  in  the  state  of  New  York  guaranties 
are  not  necessary  as,  in  accordance  with  the  state  law,  undeveloped 
property  is  assessed  water  rates  upon  a  definite  basis  per  foot  of 
frontage,  and  these  rates  are  collectable  in  the  same  way  as  taxes 
and  are  a  lien  upon  the  property.  In  this  way  lots  which  are  not 
built  upon  assist  in  bearing  the  cost  of  water  pipe  extensions  and 
in  maintaining  the  works.  In  the  case  of  Albany  the  amount  so 
assessed  on  vacant  lots  is  10  cents  per  year  per  front  foot.  Lum- 
ber yards  are  similarly  assessed  20  cents  per  front  foot,  and  build- 
ings to  which  water  is  not  supplied  are  assessed  upon  a  specified 
scale. 

The  form  uf  guaranty  required  from  parties  interested  in  securing 
extensions  of  the  pipes  varies  considerably.  We  give  in  Appen- 
dix B  copies  of  the  best  forms  of  such  guaranties  which  were  sub- 
mitted to  us.  With  these  as  a  guide,  any  superintendent  should 
be  able  to  prepare  a  suitable  form  which  will  fit  his  own  conditions. 

*  Including  ohe  place  where  the  percentage  varies  from  6  to  10. 
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With  regard  to  success  in  collecting  guaranties,  experience  varies 
widely.  Some  places  report  very  poor  success,  others  no  trouble 
whatever.  It  would  seem  to  be  the  best  practice  to  require  a  bond 
with  suitable  surety,  as  is  the  custom  in  a  number  of  places.  An 
examination  of  the  forms  of  guaranty'  will  indicate  that  some  of 
these  are  in  themselves  l)onds. 

Another  question  which  has  not  received  by  any  means  a  uni- 
form solution  in  different  places  is  that  of  the  permanency  of  the 
guaranty.  Many  places  apparently  put  no  time  limit  to  the 
guaranty  and  presumably  expect  to  collect  it  until  the  income,  in 
the  form  of  water  rates,  reaches  or  exceeds  the  amount  guaranteed. 
Other  cases  require  a  stipulated  percentage  for  a  definite  term  of 
years,  —  for  instance,  5  per  cent,  per  annum  for  five  years. 

In  nearly  every  case  all  sums  received  as  water  rates  from  takers 
upon  the  line  of  pipe  are  credited  against  the  guaranty,  but  in  a 
few  cases  the  percentage  guaranteed  is  required  in  addition  to 
whatever  water  rates  may  be  received. 

In  addition  to  the  statistics  of  municipal  works,  repUes  from  13 
water  companies  were  received,  containing  more  or  less  information. 
Eight  of  these  13  require  a  guaranty.  In  6  cases  the  guaranty  is 
10  per  cent.,  in  one  case  15  per  cent.,  and  in  one  case  $7.00  per  100 
feet  of  6-inch  pipe  and  $9.00  per  100  feet  of  8-inch  pipe. 

The  original  answers  which  we  have  received  have  been  bound 
in  book  form  and  deposited  in  the  Association's  Hbrary,  where 
they  are  accessible  for  further  reference  at  any  time. 
Respectfully  submitted, 

CHARLES  W.  SHERMAN, 
EDWIN  C.  BROOKS, 
A.  W.  F.  BROWN, 
GEORGE  H.  ROBERTSON, 
NORMAN  A.  McMILLEN, 

Committee. 


REPORT   OF   COMMITTEE.  215 

APPENDIX  A. 

[Form   of   Circular.] 

CONDITIONS  OF  iMAKIXG   EXTENSIONS  OF   MAIN  WATER 

PIPES. 

New  England  Water  Works  Association. 

Boston,  January  25,  1910. 
The  undersigned  have  been  appointed  as  a  committee  to  investigate  and 
report  upon  conditions  under  which  extensions  of  main  pipes  are  made  by 
municipall}'  owned  water  works. 

The  following  data  are  desired  by  the  committee,  and  members  of  the 
Association  and  others  who  can  contribute  such  information  are  requested  to 
fill  out  the  blanks  and  return  this  form  as  soon  as  possible  to  Charles  W. 
Sherman,  14  Beacon  Street,  Boston,  Mass. 

Charles  W.  Sherman,  Chairman, 
Edwin  C.  Brooks, 
A.  W.  F.  Brown, 
George  H.  Robertson, 
Norman  A.  McMillen, 

Committee. 

1.  Place. 

2.  Control  of  Water  Works  rested  in  : 

(a)  Water  board  of  members. 

(6)  Single  Water  Commissioner. 

(c)  Committee  of  City  Government. 

(d)  Other  Officer  or  Board  (state  what). 

3.  What  authority  decides  when  extensions  of  main  pipes  shall  be  made  ? 

(a)  Water  board  or  commissioner. 

(b)  Town  meeting  or  cit\'  council. 

4.  Is  a  guaranty  from  prospective  water  takers  required  before  an   extension  is 

ordered  ? 

5.  Give  particulars  relating  to  guaranty  when  required. 

(a)  Percentage  of  actual  cost. 
(6)  Percentage  of  estimated  cost. 

(c)  Percentage  of  estimated  cost  of  a  6-inch  pipe. 

(d)  Guaranteed  revenue  per  100  feet  of  extension. 

(e)  Other  form  of  guaranty. 

6.  In  case  a  guaranty  is  required,  is  the  amount  in  any  way  dependent  upon  or 

affected  by  the  following  factors: 
(o)  Improvement  in  fire  protection  to  be  obtained  by  proposed  exten- 
sion, 
(fc)  Improvement  in  circuhition. 
(c)  Other  factors. 
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7.  In  computing  actual  or  estimated  cost  of  extension  upon  which  percentage 

guaranty  is  based,  what  items  are  included  ? 
(a)  Cost  of  labor  and  materials  only. 
(6)  Cost  of  inspection. 
(g)  Cost  of  holidays,  vacations,  or  other  absences  with  pay  allowed  to 

persons  engaged  upon  this  work. 
(d)  A  proportionate  cost  of  office  and  other  standby  expenses. 

8.  If  a  guaranty  is  required  under  a  city  or  town  by-law,  quote  by-law. 

9.  Quote  form  of  guaranty  required. 

10.   What  has  been  your  experience  in  collecting  such  guaranties  ? 

Dated  1910.  Report  by 
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APPENDIX  B. 

FORMS    OF   GUARANTY   OF    REVENUE    REQUIRED    BEFORE 
MAKING    EXTENSIONS    OF    WATER    PIPES. 

1.  Beverly,  Mass. 

Know  all  men  by  these  presents,  that  we,  the  undersigned,  owners  of  land,  or 
land  and  houses,  fronting  and  abutting  upon  Street  in  Beverly,  in 

the  Commonwealth  of  Massachusetts,  do  hereby  severally  agree  and  further 
bind  ourselves,  our  heirs,  executors,  administrators  and  assigns. 

In  consideration  of  the  laying  of  a  water  pipe  or  pipes,  to  wit,  about 
feet  in  length,  be  the  same  more  or  less,  in  said  Street,  by  the  city 

of  Beverly,  a  municipality  duly  incorporated  by  the  Commonwealth  of  Massa- 
chusetts, by  and  through  the  Water  Board  of  said  city,  for  the  use  of  said 
pipes,  or  for  the  consideration  aforesaid,  such  sum  or  sums,  payable  by  such 
annual  installments,  to  be  apportioned  by  said  board,  as  shall  equal  in  the 
aggregate  the  amount  of  at  least  four  (4)  per  cent,  of  the  entire  cost  to  the 
city  of  said  laying,  said  apportionment  to  be  made  according  to 

and  said  installments  shall  continue  to  be  paid  by  us  in  the  manner  above 
mentioned,  until  said  amount  of  four  (4)  per  cent,  shall  have  been  fully  paid, 
or  until  said  board  in  its  discretion  shall  become  satisfied  from  whatever  cause 
to  establish  an  annual  regular  fixture-rate,  in  which  event  said  four  (4)  per 
cent,  basis  shall  be  substituted  by  such  fixture-rate,  under  the  law  and  rules 
of  said  board  duly  made  and  i)rovided. 

2.  BcsTON,  Mass. 

S 

Received  of  the  sum  of  dollars,  being  the  difference 

to  make  up  per  cent,  for  five  years  on  the  cost  of  laying  water  pipes  in 

Street,  as  per  petition  on  file  dated 

;  said  amount  being  received  on  deposit  for  five  years  unless 
sooner  cancelled  by  income  from  water  rates.  Any  additional  income  derived 
on  the  line  of  pipe  laid  under  said  petition  within  five  years  from  date  will  be 
refunded  at  the  expiration  of  that  period,  but  should  there  be  none,  then  the 
whole  amount  will  be  forfeited  to  the  city. 


Preserve  this  receipt. 

3.  Bridgeton,  N.  J. 

To  the  City  Council  of  the  City  of  Bridgeton,  —  We,  the  undersigned,  hereby 
make  application  for  the  laying  of  a  main  pipe  in  Street,  of  a 

suitable  size  for  all  future  apiilicants  that  may  apply  on  said  street,  or  exten- 
sion, and  all  other  contingencies  that  may  ajipear  to  the  committee,  a  distance 
of  inch  pipe;    and 

We  do  hereby  agree  that  if  said  ]npQ  should  be  laid,  we  will  forthwith  make 
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application  for  the  laying  of  service  pipe  to  our  respective  premises  according 
to  the  form  adopted  by  City  Council,  and  will  pay  the  amount  set  opposite 
our  names,  annually,  so  that  the  total  amount  will  pay  6  per  cent,  per  annum 
on  the  amount  invested  by  the  city  of  Bridgeton.  If  these  amounts  are  in 
excess  of  the  actual  rates,  then  we,  the  first  to  pledge  the  amount,  shall  be 
released  proportionately  for  all  amounts  paid  over  and  above  the  actual  rates; 
and, 

We  do  further  agree  that  said  water  rates  shall  commence  in  ten  days  after 
main  pipe  is  laid,  and  that  our  property  shall  be  held  responsible  for  the  amount 
according  to  law. 

Name.  No.  Street.  Amount. 

4.  Brookline,  Mass. 

Brookline,  Mass.,  191 

The  undersigned,  owners  of  real  estate  on  the  way  or  street 

known  as  ,  desiring  to  have  water  pipes  laid  in  said 

way,  hereby  severally  release  all  claims  to  damages  in  consequence  of  laying 
said  pipes  and  maintaining  the  same. 

We  also  hereby  agree  to  guarantee  an  income  of  at  least  five  per  centum 
per  annum  upon  the  cost  of  layjng  said  pipe  for  five  years,  provided  the 
revenue  of  water  takers  from  the  same  shall  not  equal  that  amount. 

5.  Dover,  N.  H. 

To  the  Board  of  Water  Commissioners  of  the  City  of  Dover, — The  undersigned, 
owners  and  occupants  of  real  estate  situated  upon  in  the 

city  of  Dover,  N.  H.,  hereby  petition  your  board  to  cause  a  main  water  pipe 
to  be  laid  through  said  from  Street  to 

Street;  and  in  consideration  of  the  laying  of  said  pipes  in  the  above-named 
by  the  said  city  of  Dover,  as  herein  prayed  for,  we  agree  for  ourselves, 
our  heirs  and  assigns,  to  take  water  from  said  pipes  under  the  current  rules 
and  regulations  made  by  said  Board  of  Water  Commissioners,  and  pay  to 
said  city  of  Dover  at  the  office  of  said  Board  of  Water  Commissioners,  on  the 
first  day  of  each  quarter,  an  income  equal  to  5  per  cent,  per  annum  upon  the 
cost  of  laying  said  pipe  in  addition  to  the  regular  rates  for  water  estab- 
lished by  said  Board  of  Water  Commissioners. 

This  agreement  shall  remain  in  force  until  the  income  from  the  sales  of 
water  from  said  pipe  shall  equal  the  cost  thereof,  when  said  Water  Commis- 
sioners shall  cancel  said  agreement,  and  thereafter  said  other  parties  hereto 
shall  be  assessed  therefor  only  by  the  regular  rates  established  for  the  sale  of 
water. 

6.  Haverhill,  Mass. 

Agreement. 

Haverhill,  191 

the  subscriber,  being  desirous  that  the  water  pipes  of  the 
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city  of  Haverhill  be  extended  from  said 

pipes  on  Street,  thence 

do  hereby  guarantee  to  the  Board  of  Water  Commissioners  of  the  city  of 
Haverhill,  in  case  they  so  extend  said  pipes,  that  the  income  from  the  water 
rates,  for  the  water  supplied  through  said  extension,  at  the  usual  charges  made 
therefor,  as  established  by  said  Board  of  Water  Commissioners,  shall  be  equal 
to  o  per  cent,  on  the  cost  of  so  extending  said  pipes,  and  making  the  needed 
connections. 

This  guarantee  and  obligation  to  continue  in  force  for  a  i)eriod  of  five  years 
from  the  time  of  laying  said  pipes,  and  in  case  the  water  subscribed  and  paid 
for  between  the  above-named  limits  from  said  proposed  extended  pipes  shall 
not  amount  to  a  sum  equal  to  or  more  than  said  interest,  then  , 

the  subscriber  ,  do  jointly  and  severally  hereby  agree  to  pay  annually 
to  the  Board  of  Water  Commissioners  of  the  city  of  Haverhill  such  a  sum  of 
money  as  said  aggregate  water  rates  shall  fall  short  of  said  interest  on  said 
cost. 

7.  Lancaster,  Mass. 

Lancaster  Water  Dep.\rtment. 
contract  for  service  extension. 

In  consideration  of  the  extension  of  water  service  by  the  Water  Department 
of  the  town  of  Lancaster 
from  to 

We  hereby  promise  and  agree  for  ourselves  and  our  heirs,  administrators 
and  assigns  to  pay  to  the  town  of  Lancaster  (Water  Department)  during  each 
and  every  year  of  the  ten  years  next  ensuing,  a  sum  equal  to  eight  (8)  per 
cent,  of  the  total  expense  of  such  extension. 

Witness  our  hand  and  seal  this  day  of 

8.  Leominster,  Mass. 

To  the  Leominster  Water  Board,  —  The  undersigned  request  you  to  lay  a 
main  pipe  in  Street  or  Avenue  direction,  dis- 

tance,   size   of   pipe,    etc.,  and    we   jointly 

and  severally  agree  to  and  with  the  town  of  Leomin.ster  that  if  said  pipe  is 
laid  with  proper  appendages,  that  water  enough  shall  be  taken  from  said  pipe 
to  the  premises  on  the  line  thereof  to  make  the  regular  rates  therefor  (exclusive 
of  the  rates  for  all  water  taken  by  said  town  for  hydrants,  watering  troughs, 
sprinkling  streets,  public  buildings  and  all  other  purposes)  amount  to  5  per 
cent,  per  annum  on  the  cost  of  said  pipe  and  appendages  when  laid. 

And  if  such  regular  water  rates  (exclusive  of  the  rates  for  all  water  taken 
by  said  town)  do  not  annually  amount  to  said  percentage,  we  jointly  and 
severally  agree  to  pay  to  said  town  semi-annually,  at  the  times  when  the  semi- 
annual water  rates  are  due,  any  deficiency. 

In  witness  whereof  we  have  hereto  set  our  hands  and  connnon  setd,  each 
of  us  adopting  the  seal  set  against  the  first  signature  as  our  common  seal, 
this  day  of  19     . 
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9.  Lynn,  Mass. 

Know  all  men  by  these  presents,  that  we,  ,  owners  of 

real  estate  on  Street,  so  called,  that,  in  consideration  of  the 

city  of  Lynn  extending  its  water  pipes  to  premises, 

hereby  agree  to  pay  a  sum  each  year,  which,  in  addition  to  the  income  received, 
shall  equal  five  (5)  per  cent,  of  the  cost  of  construction. 

This  contract  or  agreement  to  be  null  and  void  after  a  sufficient  number  of 
takers  have  been  connected  to  said  pipes  to  equal  the  required  amount. 

In  witness  hereto,  set  hand  and  seal  this 

day  of  191  . 

10.  Malden,  Mass. 

Malden,  Mas.s.,  191 

To  the  Maiden  Water  Board,  —  We,  the  undersigned,  hereby  make  applica- 
tion for  laying  of  a  main  pipe  in  about 
feet,                                            and  we  jointly  and  sep- 
arately agree  that  in  case  the  water  rates  are  insufficient  to  pay  seven  (7) 
per  cent,  on  cost  of  laying  said  pipe,  we  will  make  up  the  deficiency. 

11.  Manchester,  N.  H. 

To  the  Honorable  Board  Water  Commissioners  of  the  City  of  Manchester,  — 
The  undersigned,  owners  and  occupants  of  real  estate  situated  upon 
Street  in  the  city  of  Manchester,  herebj'  petition  your  honorable  body  to  cause 
the  water  pipes  to  be  laid  through  street  ,  and 

in  consideration  of  the  laying  and  extending  of  said  pipes  in  the  above-named 
street,  by  said  city,  as  herein  prayed  for,  hereby  agree  for 

sel  for  heirs,  administrators,   executors  and  assigns,  to 

take  water  from  said  pipes  under  the  current  rules  and  regulations  made  by 
the  Water  Commissioners,  and  pay  to  said  city  at  the  office  of  the  Water 
Commissioners,  on  the  first  day  of  each  quarter,  an  income  equal  to  4  per  cent, 
per  annum  upon  the  cost  of  laying  said  pipe,  in  our  several  projjortions,  based 
upon  the  use  made  of  water  upon  our  respective  estates;  provided,  also,  that 
no  individual  party  thereto  be  assessed  less  than  five  dollars  per  annum  as  his 
respective  share. 

This  agreement  shall  remain  in  full  force  until  the  income  from  the  sales  of 
water  from  said  pipe  shall  exceed  the  amount, above  stipulated,  when  the 
Water  Commissioners  shall  cancel  the  agreement,  and  ever  thereafter  the  party 
or  parties  to  these  presents  shall  be  assessed  therefor  only  by  the  regular  rates 
established  for  the  sale  of  water  by  the  Water  Commissioners. 

Signatures  of  Owners  of  Property. 

12.  Natick,  Mass. 

The  Honorable  Board  of  Water  Commissioners  of  the  Town  of  Natick,  —  We, 
the  undersigned,  owners  and  occupants  of  real  estate  situated  upon 
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Street  in  town  of  Natick,  hereby  petition  your  Honorable  Board  to  cause  the 
water  pipes  to  be  laid  through  said  street  or  streets,  and  in  consideration  of 
the  laying  and  extending  said  pipes  in  the  above-named  street  or  streets  by 
said  Water  Board,  as  herein  asked  for,  we,  the  undersigned,  hereby  agree  for 
ourselves,  and  for  our  heirs,  administrators,  executors  and  assigns,  to  take 
water  from  said  pipes  under  the  current  rules  and  regulations  made  by  the 
Water  Board  for  the  government  of  the  water  department,  and  to  pay  to  said 
town,  at  the  office  of  the  superintendent,  the  amount  set  against  our  names 
as  water  rates,  and  we  do  further  agree  that  we  will  continue  to  pay  said 
rates  semi-annually,  till  the  said  Water  Board  may  see  fit  to  abate, 
and  we  agree  that  we  will  pay  the  same  rate  whether  we  use  the  water  or  not, 
till  the  Water  Board  may  release  us. 

Names.  Fixtures.  Amount. 

13.  New  Bedford,  Mass. 

Guarantee. 

Whereas,  connecting  the  premises  of  the  undersigned  with  the  New  Bedford 
Water  Works  system  is  not,  in  the  judgment  of  the  New  Bedford  Water  Board, 
expedient  at  the  present  time,  unless  pro\'ision  be  made  for  the  pajinent  of  a 
special  rate;  now,  therefore,  the  undersigned  hereby  covenants  and  agrees 
with  said  city  as  follows,  \'iz.: 

In  consideration  of  the  laying  of  a  water  main  pipe  by  the  said  city  of  New 
Bedford  along  the  line  of  ,  the  undersigned 

hereby  jointly  and  severally  agree  and  bind  themselves  to  pay  to  the  city  of 
New  Bedford,  annually,  in  advance,  on  the  first  day  of  July,  a  sum  equal  in 
amount  to  6  per  cent,  of  the  cost  to  the  city  of  the  above-described  line  of 
water  main  pipe  and  the  laying  of  the  same,  and  in  addition  it  is  hereby  under- 
stood that  upon  failure  on  the  part  of  the  undersigned,  or  their  assigns,  or 
legal  representatives,  to  comply  with  the  terms  of  this  agreement,  the  said 
city  by  its  Water  Board  shall  have  the  right  to  shut  off  the  water  from  the 
service  pipe  on  the  premises  of  the  undersigned,  and,  further,  shall  have  the 
same  control  over  the  water,  and  the  delivery  of  the  same  through  the  pii)es, 
as  it  now  has  in  respect  to  any  other  main  pipe  in  the  city. 

It  being  understood,  however,  that  this  yearly  payment  is  to  be  diminished 
yearly  hereafter  by  whatever  the  city  may  receive  from  other  takers,  until  the 
undersigned  shall  only  be  required  to  pay  the  usual  water  rates  charged 
consumers  throughout  the  city. 

And  upon  the  above-described  terms  onlj'  the  cit3','bj'  its  Water  Board, 
agrees  to  lay  the  above-described  line  of  pipe. 

Witness  the  hand  and  seal  of  the  parties  the  day 

and  year  above  written. 

New  Bedford,  Mass.,  191 

^^'e,  tiie  undersigned,  owners  of  property  abutting  on 

hereby  agree  that  in  case  water  pipes  are  laid  l)y  the 
city  of  New  Bedford  in  said  said 
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city,  and  all  persons  acting  in  its  behalf,  shall  be  holden  free  from  all  claims 
for  trespass,  or  damage,  or  otherwise,  by  reason  of  laying  said  pipe,  and  the 
authorized  agents  of  said  city  shall  be  allowed  by  us  free  access   to  said 

and  all  necessary  uses  thereof,  at  any  and 
all  times,  for  the  puqioses  of  repairs,  extension,  inspection  or  otherwise,  and 
to  make  all  excavation  thereof,  and  generally  said  city  is  to  have  all  rights  of 
uses  respecting  said  incidental  to  water 

administration  as  if  said  was  a  public  street;   and  it  is 

further  agreed  that  the  city  of  New  Bedford,  by  laying  of  the  aforesaid  water 
main,  shall  in  no  way  become  liable,  or  bound  to  accept,  or  keep  in  repair 
said 

14.  Newton,  Mass. 

Extensions  of  main  pipe  shall  only  be  made  when  authorized  by  the  Board 
of  Aldermen.  Applications  therefor  must  be  made  upon  the  blanks  furnished 
by  the  Water  Commissioner,  upon  which  shall  be  endorsed  the  estimate  of 
the  probable  cost  of  the  extension  desired.  No  such  application  shall  be  con- 
sidered by  the  Water  Commissioner  unless  accompanied  by  a  written  agree- 
ment, binding  the  applicant  or  other  responsible  party  to  guarantee  to  the 
city  annually,  for  at  least  five  years,  a  sum  equal  to  5  per  cent,  of  the  total 
cost  of  the  extension,  but  the  applicant  shall  in  no  case  be  required  to  -guaran- 
tee on  a  sum  greater  than  the  estimated  cost  of  a  6-inch-pipe.  All  receipts  for 
water  sold  from  such  extension,  and  no  other,  shall  be  credited  to  the  party 
making  such  guaranty  as  payments  upon  account  of  same. 

Applications  for  extensions  of  mains  through  private  ways  or  grounds  shall 
in  no  case  be  granted  unless  the  owner  thereof  executes  a  proper  instrument 
securing  to  the  city  the  right  of  permanent  occupation,  free  from  any  acts  of 
interference  that  shall  affect  the  safety  of  the  pipe,  and  securing  to  the  depart- 
ment free  right  of  entrance  for  purposes  of  inspection  and  maintenance. 
Nothing  in  this  section,  however,  shall  be  construed  as  affecting  the  right  of 
the  Board  of  Aldermen  to  authorize  the  extension  of  a  water  main  without 
guaranty  if,  upon  a  vote  taken  by  yea  and  nay,  two  thirds  of  the  members 
present  and  voting  .shall  vote  to  do  so. 

City  of  Newton.     Water  Department. 

guaranty  for  extension  of  water  main. 

Know  all  men  by  these  presents,  that,  in  coiLsideration  that  the  city  of 
Newton  shall   lay   a  water  main  in  Street,   in  Ward 

,  of  said  city,  to  supply  with  water  the  premises  of 
,  the  undersigned  hereby  covenants  with  and  promises 
said  city  to  pay  to  its  city  treasurer  on  demand,  in  advance,  each  year,  for  the 
term  of  years  from  the  date  hereof,  the  sum  of 

dollars. 

Said  city  of  Newton,  by  accepting  this  instrument,  agrees  to  repay  to  the 
undersigned  at  the  end  of  each  year  of  said  term  such  sum,  not  exceeding  the 
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amount  paid  to  it  under  this  agreement,  as  it  shall  receive  during  such  year  for 
water  delivered  by  such  main  excepting  any  amount  that  it  may  receive  for 
water  delivered  to  said  city  of  Newton. 

The  obligations  of  each  water  taker,  however,  for  the  payment  of  water  rent 
under  the  provisions  of  the  citj'  ordinance,  are  not  to  be  affected  by  this 
stipulation. 

Witness  hand  and  seal,  at  Newton,  the 

day  of  A.D. 

Signed  and  sealed  in  the  presence  of 


15.  North  Axdover,  Mass. 

Vote  of  town  at  annual  town  meeting,  March  9,  1907. 

Article  16.  Voted,  to  authorize  the  Water  Commissioners  to  lay  water 
pipes  on  unaccepted  streets  provided  funds  are  available  and  the  abutters 
give  a  release  of  right  of  way  and  guarantee  a  sum  as  water  rates  equal  to 
5  per  cent,  of  the  cost  of  construction. 

Form  of  Guarantee. 

Know  all  men  by  these  presents,  that  we,  ,    of 

,  in  the  County  of  and  Commonwealth 

of  ,  as  principal,   and  of  and 

of  ,  as  sureties,  are  holden  and  stand  firmly  bound  unto  the  town  of 

North  Andover,  a  municipal  corporation  in  said  county  and  commonwealth, 
in  the  sum  of  ,  to  the  payment  of  which  to  the  said  town 

of  North  Andover,  or  its  successors  or  assigns,  we  hereby  jointly  and  sever- 
ally bind  ourselves,  our  heirs,  our  executors,  and  administrators. 

The  condition  of  this  obligation  is  such  that,  whereas  the  said  principal  has 
guaranteed,  and  does  hereby  guarantee,  to  the  town  of  North  Andover  an 
income  or  return  of  not  less  than  5  per  cent,  per  annum  on  the  cost  of  a  pro- 
posed extension  of  its  system  of  water  works  by  the  laying  of  pipes  in,  over  or 
throiigh  an  unaccepted  street  or  way  known  as  in  said  North 

Andover,  from  main  pipe  on  to  a  point  feet 

on  ,  for  and  during  the  time  which  said  street  or  way  shall  remain 

unaccepted  by  the  town  and  for  a  period  of  ten  years  thereafter;  and  to  the 
end  that  said  guarantee  may  be  performed,  has  agreed,  and  does  hereby  agree, 
to  pay  or  cause  to  be  paid  to  the  town  such  sums  as  together  with  actual 
receipts  from  water  rates  shall  at  all  times  covered  by  said  guarantee  equal 
o  per  cent,  per  annum  on  the  said  cost  of  construction,  which  said  payments 
are  to  be  made  as  and  when  required  by  the  Board  of  Public  Works  of  North 
Andover. 

Now,  therefore,  if  the  town  of  North  Andover  shall  construct  said  extension, 
and  if  the  said  obligors  shall  well  and  truly  pay,  or  cause  to  be  paid,  to  the 
town  the  sums  secured  by  the  above  guarantee  and  agreement,  when  and  aa 
due,  during  the  entire  term  covered  by  the  same,  then  this  obligation  shall  be 
void,  otherwise  it  shall  be  and  remain  in  full  force  and  virtue. 
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In  witness  whereof,  we  hereunto  set  our  hands  and  seals  this 
day  of  in  the  year  one  thousand  nine  hundred  and 

In  presence  of  . 

[Seal.] 

[Seal.] 

[Seal.] 

16.  Norwood,  Mass. 

Know  all  men  by  these  presents,  that  for  the  consideration  that  the  town  of 
Norwood  shall  lay  a  water  main  in  Street  from  present  termi- 

nus, to  to  supply  water  to  premises  in  which  the  undersigned  are 

interested,  hereby  jointly  and  severallj'  covenant,  promise  and 

agree  to  and  with  said  town  of  Norwood  to  pay  to  the  Water  Commissioners 
thereof  for  and  during  the  term  of  ten  years  from  the  date  hereof,  on  demand, 
in  advance,  each  year,  the  sum  of  ,  said  town  of  Norwood  by  accept- 

ing this  instrument  agrees  to  repaj'  to  the  undersigned  each  year  of  said  term 
such  sum,  not  exceeding  the  amount  paid  by  the  undersigned  as  aforesaid,  as 
shall  be  received  during  that  year  for  water  supplied  by  said  extension. 

This  instrument  is  not  to  affect,  prejudice  or  impair  any  liability  or  duty 
whatsoever  of  any  water-taker  to  pay  water  rates. 

Witness  our  hand  and  seal  this  day  of  19     . 

Witness:  Signature  [Seal].     Amount. 

17.  Reading,  Mass. 

Know  all  m^n  by  these  presents,  that  the  undersigned,  in  consideration  of  one 
dollar  and  other  considerations  to  them  paid  by  the  town  of  Reading,  in  the 
County  of  Middlesex  and  Commonwealth  of  ISIassachusetts,  do  hereby 
promise  and  agree  jointly  and  severally  that  if  the  said  town  will  lay  a  water 
pipe  or  water  main  through  that  portion  of  Street  in 

said  Reading,  from  to  and  connect  said  water 

pipe  or  main  with  the  water  supply  of  said  Reading  and  supply  water  in  the 
customary  manner  to  the  premises  adjoining  that  part  of  the  street  through 
which  said  water  pipe  or  water  main  may  be  laid. 

We  will  and  do  hereby  guarantee  that  said  town  shall  receive  on  January  1, 
a.d.  ,  the  sum  of  $  as  water  rates  from  said  premises  taking 

water  from  said  pipe  or  main,  and  a  like  sum  on  the  first  daj'  of  January  in 
each  and  every  year  thereafter  until  such  time  as  there  shall  be  water-takers 
enough  on  said  street,  whose  water  rates,  at  the  customary  charge,  would 
equal  the  sum  of  $  .     And  for  ourselves,  our  executors,  and  adminis- 

trators, jointly  and  severally,  do  hereby  promise  and  agree  to  pay  to  said 
town,  on  demand  of  the  superintendent  of  the  Reading  Water  Works  and  his 
successors,  on  the  first  day  of  January  of  each  and  every  year  as  aforesaid, 
such  sum  of  money  as  will  equal  the  difference  between  the  water  rates  col- 
lected b}^  the  town  on  January  1  of  each  year  from  the  said  premises  and  said 
sum  of  $ 
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Witness  our  hands  and  common  seal  this  day  of  a.d. 

[Seal.] 

We,  the  undersigned,  as  sureties,  do  hereby  guarantee  the  performance  of 
the  within  agreement. 

In  witness  whereof  we  hereunto  set  our  hands  and  seals  this  daj'  of 

A.D. 

18.  Springfield,  Mass. 

To  the  Board  of  Water  Commissioners  of  the  City  of  Springfield,  —  The  under- 
signed residents  and  property  owners  on  Street   (so-called), 
respectfully  petition  for  a  main  water  pipe  to  be  laid  in  said  street 
as  follows: 

And  in  case  this  petition  is  granted,  and  in  consideration  thereof,  we  severallj^ 
hereby  covenant  and  agree  with  the  city  of  Springfield  that  we  will  make  im- 
mediate application  for  the  laying  of  service  pipes  to  our  respective  premises, 
and  will  thereupon  become  water-takers,  all  in  accordance  with  the  current 
rules  and  regulations  of  said  board,  and  that  we  will  pay  on  demand  the  annual 
amounts  set  against  our  respective  signatures  until  the  annual  water  rental 
derived  from  said  main  pipe  shall  equal  the  sum  of  said  guaranteed  amounts; 
provided,  however,  that  all  such  annual  water  rental  received  from  ourselves 
or  other  water-takers,  as  per  the  current  tariff  of  rates  of  said  Board,  shall  first 
be  applied  toward  such  guaranteed  payments. 

We  furthermore  severally  bind  ourselves,  our  heirs,  executors  and  assigns, 
to  pay,  as  aforesaid,  and  from  date  of  letting  water  into  said  main  pipe,  the 
annual  amounts  set  against  our  respective  signatures,  whether  the  water  is 
used  or  not . 
Witness  to  signatures.  Signatures.  Annual  amounts  guaranteed. 

19.  Taunton,  Mass. 

In  consideration  of  the  laying  of  water  pipes  by  the  city  of  Taunton  along 
the  line  of  Street  in  said  Taunton  so  as  to  allow  the  supplying 

of  the  premises  of  the  undersigned  with  water  from  the  Taunton  Water 
tVorks,  the  undersigned  hereby  agrees  to  take  water  from  said  Taunton  Water 
Works  at  the  rates  now  or  hereafter  to  be  established  for  all  takers  thereof  to 
the   extent   of  dollars   per   annum    for   the 

period  of  years,  and  hereby  guarantees  the  payment  of 

all  said  rates  for  the  time  aforesaid. 

This  agreement  is  to  be  in  force  and  payment  of  the  rates  aforesaid  to  the 
extent  above  stated  is  to  be  made  as  well  if  the  undersigned  shall  not  by  him- 
self or  his  tenant  introduce  and  use  the  water  of  the  Taunton  Water  Works 
in  and  upon  his  premises  as  if  he  shall  so  do.  Said  rates  to  begin  when  the 
Water  Commissioners  of  said  Taunton  shall  in  writing  notify  the  undersigned 
that  he  can  be  supplied  with  water  as  aforesaid  by  connecting  with  said 
Water  Works. 


226  GUARANTIES    FOR   WATER    PIPE    EXTENSIONS. 

Witness  my  hand  this  day  of  a.d.  189  . 

Sign  here. 
Witness: 

20.  Waltham,  Mass. 

Know  all  men  by  these  presents,  that  in  consideration  that  the  city  of  Waltham 
shall  lay  a  water  main  in  Street,  in  said  Waltham,  to  supply 

with  water  the  premises  of 

the  undersigned  hereby  covenant  with  and  promise  the  city  of  Waltham  to 
pay  to  the  said  city,  on  demand,  in  advance,  each  year  for  the  ten  years  suc- 
ceeding the  date  hereof,  the  sum  of  5  per  cent,  on  the  cost  of  laying  said  main, 
upon  the  condition  that  such  sums  as  said  city  shall  annually  receive  for  water 
delivered  by  such  main  not  exceeding  the  amount  of  such  annual  advance 
shall  at  the  end  of  each  year  be  repaid  by  said  city  to  the  undersigned.  The 
obligations  of  each  water-taker,  however,  for  the  payment  of  water  rent  under 
the  provisions  of  law  in  that  behalf  provided  are  not  to  be  affected  by  this 
stipulation. 

Witness  hand  and  seal  ,  at  Waltham,  the 

day  of  A.D.  189  . 

Signed  and  sealed  in  the  presence  of 
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THE  REFORESTATION  OF  WATERSHEDS  FOR 
DOMESTIC  SUPPLIES. 

BY   F.    W.    RANE,    STATE   FORESTER    OF    MASSACHUSETTS. 

[Read  March  8,  1911.] 

Mr.  President  and  Gentlemen  of  the  New  England  Water 
Works  Association,  —  The  subject  of  municipal  forests  is  more  or 
less  of  a  new  idea,  but  I  can  see  where  forestry  and  water  works 
are  naturally  coming  together  more  and  more.  Most  of  you  gentle- 
men I  take  it  are  engineers.  Now,  how  can  forestry  come  in  along 
with  your  lines  of  work?  I  think  the  subject  is  likely  to  be  of 
more  and  more  importance  as  time  goes  on,  to  water -works  people. 
I  take  it  for  granted  that  a  great  many  of  the  works  represented 
here  are  municipal  works.  Some  of  them  may  be  private  corpo- 
rations, but  they  are  all  run  upon  practically  the  same  lines.  A 
few  years  ago,  in  1908,  I  think  it  was,  we  had  occasion  in  the 
State  Forestry  office  to  work  out  a  plan  for  the  city  of  Fall  River, 
covering  about  3  000  acres.  At  that  time  the  Mayor  and  the 
commissioners  and  the  engineer  had  an  idea  that  they  were  going 
to  carry  the  plan  into  effect,  but  for  some  reason  or  other  it 
unfortunately  has  not  been  carried  out  to  the  extent  that  they 
had  hoped  it  would  be.  They  are  doing  something,  however. 
They  have  an  area  of  about  3  000  acres  surrounding  their  water 
supply,  and  if  any  of  you  are  interested  in  the  report  we  made, 
I  have  extra  copies  at  the  office  and  would  be  glad  to  send  them 
to  you  upon  application. 

At  that  time  I  read  a  paper  before  one  of  our  scientific  societies, 
the  subject  of  which  was  "  Municipal,  Corporation  and  Private 
Ownership  Forests,"  and,  with  your  permission,  I  will  read  you  a 
few  paragraphs  from  that  paper,  bearing  particularly  upon  the 
subject  of  municipal  forests. 

"  The  time  is  ripe  for  the  development  of  this  ty^Q  of  forestry. 
I  beUeve  all  that  is  required  at  present  is  to  agitate  the  subject 
and  to  explain  how  easily  and  economically  it  can  be  brought 
about.    Our  cities  and  towns  have  sprung  up  by  the  hundreds  and 
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thousands  throughout  the  land.  Their  tlevelopnient  has  been 
proportionate  to  their  natural  advantages.  Permanency  has 
become  more  stable  as  time  has  gone  on  until  to-day  finds  us  with 
municipalities  ready  and  Avilling  to  accept  and  adopt  almost  any 
measure  that  will  develop  a  better  future  and  a  busier  center  of 
population.  Our  cities  and  towns  have  been  solving  the  problems 
of  a  permanent  and  efficient  water  supply,  sewerage  sj'stem,  etc. 
Our  boards  of  health  tell  us  that  a  pure  water  supply  is  absolutely 
necessar}'  to  longevity  of  our  jDopulation.  Municipal  forests  about 
the  drainage  basins  of  our  water  supplies  and  reservoirs  can  be 
made  not  only  an  important  factor  in  conserving  the  water  supply 
and  in  improving  sanitary  conditions,  but  if  put  under  a  modern 
sj'stem  of  forestry  management  could  be  made  a  great  economic 
factor  in  the  production  of  wood  and  lumber.  They  may  also 
comprise  one  of  the  great  aesthetic  features  of  the  section.  The 
time  element  as  a  factor  so  objectionable  to  the  private  owner  in 
investing  in  forestry'  undertakings  need  not  be  considered  here. 
The  advent  of  the  automobile  and  rapid  transit  has  so  enlarged 
the  conceptions  of  the  average  citizen  that  instead  of  being  content 
with  shade  trees  and  park  systems,  he  longs  for  the  depth  and  quiet 
of  large  tracts  of  woods,  which  may  be  furnished  almost  without 
cost  through  the  wise  forethought  of  our  municipalities.  Who 
has  visited  Germany  without  being  impressed  with  the  trip  into 
the  Black  Forest?  These  very  forests  are  not  only  beautiful  and 
renowned  but  through  their  scientific  treatment  yield  splendid 
net  financial  returns.  Within  walking  distance  from  many  of  the 
cities,  one  can  step  into  finer  woods  than  can  be  found  in  our  best 
Eastern  states.  Spruce  and  fir  trees  two  to  three  feet  through 
and  all  the  way  up  to  one  hundred  and  twenty-five  feet  high 
stand  on  the  ground  as  thickly  as  they  can  stand.  There  are 
acres  that  would  cut  more  than  one  hundred  thousand  feet  board 
measure. 

"  Municipal  forests,  therefore,  will  do  much  as  object  lessons, 
and  their  permanency  and  importance  will  assist  very  materially 
in  forming  a  workable  local,  state,  and  national  policy. 

"  The  State  Forester  in  Massachusetts  has  completed  a  working 
plan  for  the  city  of  Fall  River  this  season  for  a  municipal  forest 
of  three  thousand  acres.    We  are  working  on  similar  projects  for 
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three  more  cities  at  present,  with  still  others  on  the  waiting  Ust. 
The  Metropolitan  Water  and  Sewerage  Board  of  Boston  have 
completed  planting  eleven  hundred  acres  to  forest  trees  about  their 
new  reservoir  this  fall.  The  city  of  Helena,  Mont.,  has  planted 
a  forest  of  nine  hundred  acres.  Warren  IManning,  the  noted 
landscape  gardener,  the  designer  of  the  Jamestown  Exposition 
grounds,  etc.,  is  an  enthusiastic  advocate  of  the  broader  forestry 
municipal  development,  as  going  hand  in  hand  with  landscape 
gardening. 

"  In  a  state  like  Massachusetts,  where  many  park  reservations 
Hke  Mt.  Tom,  Wachusett,  Greylock,  Blue  Hills,  Metropolitan 
Park  system,  Mt.  Everett,  etc.,  have  already  been  set  aside  for 
public  purposes,  if  to  these  park  systems,  municipal  parks,  and 
forests  be  added  as  well  as  corporation  and  private  forests,  to- 
gether with  increased  holdings  for  fish  and  game  preserves,  it  is 
evident  that  conditions  will  be  developed  which  will  make  our 
state  greatly  to  be  envied.  What  has  been  and  may  be  accom- 
plished in  Massachusetts  can  be  wrought  with  equal  ease  through- 
out the  Union  to  a  greater  or  less  degree. 

"  Considering  an  imperative  necessity  for  the  growing  of  our 
future  forest  products,  and  considering  the  opportunity  for 
business  corporations  and  men  to  not  only  secure  financial  gain 
but  bring  great  good  to  their  respective  communities,  there 
certainly  will  be  need  in  the  future  for  all  our  well-directed  acts 
of  the  present  day.  Is  it  not  exceedingly  fortunate  that  the  condi- 
tions outlined  do  exist  and  that  the  solving  of  them  offers  hopes 
to  the  future?  It  is  fortunate,  too,  that  as  a  people  we  are  ever 
ready  and  quick  to  respond  to  any  undertaking  no  matter  how 
strenuous  the  task,  provided  it  will  secure  us  benefit  and  reward. 
I  have  every  hope,  therefore,  that  our  forestry  problem  will  receive 
an  early  consideration  at  the  hands  of  our  people,  and  that  all 
sections  of  the  Union  will  do  their  respective  parts  in  conserving 
the  forests  we  already  have  and  adopting  modern  methods  of 
forest  management  as  well  as  in  reforesting  lands  unadapted  to 
agriculture,  returning  them  to  forests  for  which  to  all  intent 
and  purposes  they  were  created." 

There  has  been  of  late  much  discussion  on  the  subject  of  forests 
and  their  relation  to  stream  flow  and  we  could,  if  we  chose,  give 
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to  3'ou  a  sermon  on  this  subject,  but  we  have  elected  in  this  article 
to  present  to  you  the  financial  side  of  the  question;  in  other  words, 
the  money  profit  which  towns  may  obtain  from  lands  which  are 
now  in  their  possession  l>ing  idle  and  unused.  We  Ijelieve  that 
the  time  is  not  far  distant  when  municipalities,  like  the  state  and 
nation,  will  take  up  forestry  development  in  their  midst,  and  that 
our  towais  and  cities,  like  the  communities  of  the  Old  A\'orId,  will 
o^^^l  their  municipal  forests.  On  the  land  which  they  have  already 
acquired  for  the  protection  of  a  water  supply  is  the  place  to  begin. 

Appended  is  given  a  list  of  47  towns  holding  such  lands,  and  the 
area  held.  Ten  of  these  have  sought  advice  from  this  office  in 
regard  to  the  management  of  their  lands,-  and  eight  have  in  part 
carried  out  our  suggestions,  yet  we  are  compelled  to  say  that  even 
these  are  onl}-  playing  at  forestry  work. 

No  one  is  in  a  more  fortunate  position  to  practice  forestry  than 
a  municipal  water  commission.  It  has  as  a  rule  no  taxes  to  pay, 
the  time  element  so  detrimental  to  private  ownership  is  wanting, 
because  a  municipality  has,  in  theory  at  least,  an  everlasting 
existence,  and  the  land  which  was  bought  as  a  protection  for  the 
water  supply,  from  the  forestry  standpoint  costs  them  nothing. 

The  ^Metropolitan  Water  Board  has  planted  some  1  200  acres  of 
land  with  pine  and  hardwoods  at  an  average  cost  of  S20.00  per 
acre.  In  addition,  in  the  first  ten  years  they  have  had  to  spend 
S6.00  per  acre  for  improvement  cutting,  and  about  25  cents  per 
year  for  fire  patrol.  The  studies  of  this  office  have  shown  that 
average  land  planted  to  pine  will  yield  46  500  feet  per  acre  in  fift}' 
years,  worth  on  the  stump  at  present  prices  S465.00.  Now  let  us 
balance  these  figures,  figuring  our  investment  at  3?  per  cent.,  a 
fair  average  rate  of  interest  on  most  municipal  bonds. 

Stumpage 

Yield 
per  .\cre. 

Cost  of  planting  at  .S20  for  50  years,  interest  Sj  per  cent. 

compounded S111.70       $405.00 

Improvement  cuttings  at  $6  for  40  years,  interest  com- 
pounded at  85  per  cent 23.75 

Fire  patrol  25  cents  per  year  for  50  j-ears,  interest  com- 
pounded at  Sh  per  cent 33.90 

Add  to  make  even  dollars .65 


.70.00       $405.00 
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This  leaves  a  net  balance  of  $290.00  profit  per  acre  over  and 
above  3^  per  cent,  return  on  the  money  invested,  a  rate  of  return 
equal  to  7^  per  cent.,  and  this  based  on  stumpage  prices  prevailing 
at  the  present  time,  and  stumpage  will  certainly  be  worth  no  less 
fifty  years  hence.  Will  you  not  agree  with  us,  that  a  town  that 
holds  land  which  is  lying  waste  and  idle,  owned  merely  to  keep 
some  one  from  living  on  it,  is  committing  a  grave  economic  mis- 
take when  it  fails  to  develop  it  into  forest? 

To  take  a  practical  example  of  the  value  that  forestry  can  be  to 
a  town,  Westfield  owns  942  acres  of  land  on  its  watershed  in  Gran- 
ville, of  which  this  office  made  a  careful  study.  We  found  that 
488  acres  of  this  area  were  covered  with  some  form  of  woodland 
and  454  acres  were  more  or  less  cleared,  315  of  which  could  be 
planted.  We  made  our  estimate  of  the  income  which  may  be 
derived  from  this  land,  giving  its  value  at  the  time  of  cutting,  bas- 
ing the  amount  on  present  stumpage  values. 


Types  of  Land. 


Area, 
Acres. 


Stumpage 
Value. 


Ready  to 
Cut. 


Large  hardwoods 

Large  pine 

Medium  hardwoods 

Medium  pine 

Medium  pine  and  hardwoods 

Culled  land 

Small  hardwoods 

Pine  planted 


33 

4 

36 

4i 

21 

160 

104 

315 


$2  640.00 

800.00 

3  000.00 

900.00 

1  500.00 

15  000.00 

8  000.00 

108  000.00 


Present. 
Present. 
10  years. 
12  years. 
10  years 
25  years. 
18  years. 
50  years. 


These  figures  when  added  show  a  net  income  to  the  town  during 
the  coming  fifty  years  of  approximately  $140  000.  To  arrive  at 
the  net  income  on  the  planted  land  we  have  deducted  $6  300  as 
cost  of  planting,  $1  890  for  improvement  cuttings,  $3  780  for  fire 
patrol,  and  $26  500  for  taxes  on  the  planted  land.  Taxes  on  the 
woodland  (it  being  located  in  another  town)  would  have  to  be 
paid  whether  forestry  work  was  carried  on  or  not,  so  they  were 
not  deducted  in  estimating  the  returns  on  the  forested  land. 

We  cannot  in  the  narrow  limits  of  this  article  give  the  processes 
by  which  we  arrived  at  the  above  conclusions,  but  ask  you  to  take 
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them  on  faith,  assuring  3'ou  that  we  have  done  our  best  to  be 
conservative  in  our  estimates,  basing  them,  as  we  said  before,  on 
the  present  values  of  lumber  land. 

This  office  has  given  suggestions  to  ten  municipalities  that  have 
asked  for  our  advice,  and  these  suggestions  have  been  embodied 
in  written  rei3orts,  in  some  cases  in  great  detail.  We  stand  ready 
to  help  anj'  community  in  the  state,  the  extent  to  which  we  w^ill 
offer  our  services  depending  a  great  deal  on  how  far  the  town  will 
go  in  carrying  out  our  suggestions  after  they  have  been  made. 
The  only  cost  to  the  to^^^l  is  for  the  traveling  expenses  of  the  man 
or  men  who  make  the  examination  and  report.  Most  of  the  other 
states  in  New  England  have  forestry  officers  who  will  give  the 
same  service,  and  where  they  cannot  be  secured  there  are  firms  of 
consulting  foresters  who  can  be  called  upon  to  give  advice  without 
excessive  cost. 

Municipal  Water  Supply  Lands. 

List  of  Cities  and  Towns  which  have  Sought  Advice  from  State  Forester  con- 
cerning Forest  Management  of  Such  Lands,  and  Record  of  Accomplishments 
to  Date.     All  since  Fall  River  Report  of  1909. 


City  or   Town. 

Ownership. 
Municipal 

Watershed 
Owned. 

Existing 
Woodland. 

Planting 
Accom- 
plished. 

Plantable 

Area 

Remaining. 

or  Private 
Company. 

Total  Acres. 

Acres. 

Acres. 

Acres. 

1.  Fall  River, 

City 

2  940.6 

2  507 

5 

433 

2.  Westfield, 

Town 

942.0 

488 

20 

454 

3.  Holyoke, 

City 

2  200.0 

1400 

12 

800 

4.  Leominster, 

Town 

94.7 

(?) 

12 

None 

5.  Fitchburg, 

City 

400.0 

250 

None 

150 

6.  Amherst, 

Company 

13L0 

(?) 

35 

(?) 

7.  Xeedham, 

Town 

91.6 

50 

5 

35 

8.  Hudson, 

Town 

162.0 

(?) 

18 

(?) 

9.  Milford, 

Company 

36.0 

16 

None 

20 

10.  Pittsfield, 

City 

1  123.0 

723 

None 

400 
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Tentative  List  of  37  Cities  and  Towns  having  Water  Supply  Lands 
Possibly  Capable  of  Foresting.     Twenty-Five  Acres  and  Over. 

(Project  as  yet  unconsidered.) 

Areas  from  State  Board  of  Health. 

Watershed 

City  or  Town.                                                                                    How  Owned.  Acres. 

1.  Adams Fire  District  33.5 

2.  Athol Town  301.0 

3.  Attleboro Town  300.0 

4.  Barre Company  35.0 

5.  Billerica Town  25.8 

6.  Brockton City  225.0 

7.  Clinton Town  197.5 

8.  Falmouth Town  82.1 

9.  Foxboro District  26.0 

10.  Hatfield Towii  40.0 

11.  Haverhill City  668.0 

12.  Lenox Company  167.0 

13.  Lowell City  157.4 

14.  Merrimac Town  31.0 

15.  Nantucket Company  32.0 

16.  New  Bedford City  1  682.0 

17.  Newburyport City  105.0 

18.  Newton City  721.0 

19.  Northampton •  •  •  •   City  786.3 

20.  Northbridge Company  334.0 

21.  North  Adams City  3  942.9. 

22.  North  Brookfield Town  144.8 

23.  Palmer Company  40.0 

24.  Peabody Town  98.6 

25.  Scituate Company  42.0 

26.  Sharon Town  216.5 

27.  Southbridge Company  307.4 

28.  Stoughton Town  56.0 

29.  Taunton City  110.8 

30.  Uxbridge Town  64.0 

31.  Waltham City  40.0 

32.  Ware Town  41.0 

33.  Westboro Town  90.0 

34.  Williamstown Company  96.0 

35.  Winchendon Town  70.0 

36.  Worcester City  '       442.0 

37.  Wrentham Town  42.5 

Add  to  the  above  the  ten  cities  and  towns  which  have  already  had  advice 

from  the  state  forester. 
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DISCUSSION. 

The  Chairman.  It  gives  me  pleasure  to  call  upon  Mr.  Nathaniel 
T.  Kidder,  president  of  the  Massachusetts  Forestry  Association. 

Mr.  Kidder.  Mr.  Chairman  and  Gentlemen, — The  hour  is 
getting  so  late  that  I  do  not  propose  to  give  you  a  history  or  even 
a  sketch  of  the  history  of  our  Association,  hut  I  do  want  to  point 
out  to  you  two  or  three  ways  in  which  I  think  it  has  been  and  will 
continue  to  be  useful. 

You  would  suppose  from  listening  to  the  papers  which  have 
been  read  here  to-day  that  we  were  all  worked  up  in  this  state  to  a 
high  degree  of  enthusiasm  upon  this  subject,  but  you  must  bear 
in  mind  that  3-ou  have  been  hearing  from  specialists.  I  want  to 
say,  in  the  first  place,  that  the  Forestry  Association  was  largely 
instrumental  in  the  institution  of  the  office  of  state  forester  in 
Massachusetts.  In  the  seco  id  place,  the  Association  was  instru- 
mental, I  believe,  in  introducing  the  tree  s\'arden  into  the  various 
to^\^ls.  He,  in  a  small  way,  is  the  forester  in  the  local  community, 
and  according  to  his  amount  of  knowledge  he  does  good. 

You  might  further  suppose,  if  you  read  over  the  laws  of  the 
state  to-day,  that  there  is  sufficient  law  to  regulate  all  these 
things;  but  you  must  remember  that  simply  putting  laws  on  the 
statute  book  does  not  necessarily  do  the  work.  Therefore,  there 
is  a  great  deal  of  missionary  work  to  be  done  in  educating  the 
people  up  to  these  laws,  and  getting  them  not  only  to  carry  them 
out  l)ut  to  carry  them  out  intelligently.  Of  course  the  number  of 
officers  to  enforce  the  laws  is  rather  insufficient,  and  we  have  got 
to  rely  a  good  deal  on  the  enthusiasm  of  the  people  —  and  we  are 
trying  to  educate  them  up  to  it.  We  are  also  trying  to  carry  along 
legislation  and  enthusiasm  together.  We  don't  want  either  to  get 
so  far  ahead  of  the  other  as  to  make  difficulty,  if  it  can  be  avoided. 
Our  idea  is  that  there  is  no  use  in  putting  a  law  on  the  statute  books 
to-day  which  is  going  to  l)e  repealed  next  year  as  absolutely  im- 
practical; and  so  we  want  the  })eople  to  cooperate  and  agree  upon 
the  general  idea  as  to  what  laws  are  necessary. 

Mr.  William  F.  Sullivan.*    Many  of  us  have  been  practicing 
the  methods  that  have  been  suggested,  and  put  before  us  by  the 

♦Engineer  and  Superintendent.  Pennichuck  Water  Works,  Nashua,  N.  H. 
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foresters  and  conservationists,  during  the  past  few  years.  I  was 
particularly  pleased  with  Mr.  Rane's  remarks  with  regard  to  the 
method  of  harvesting,  and  his  view  that  the  farmer  should  become 
a  lumberman.  I  believe  that  the  water-works  people  should 
become  lumbermen  and  get  as  much  as  they  can  out  of  their  forests. 
While  d  forest  is  "  a  thing  of  beauty,"  it  is  not  "  a  joy  forever," 
because  it  has  not  a  much  longer  life  than  a  man,  and  it  has  to  be 
cut  some  time  or  allowed  to  waste.  I  have  found,  and  foresters 
must  have  found,  that  we  don't  get  the  highest  financial  return, 
or  that  economical  value  spoken  of  by  Mr.  Rane,  by  following  the 
ordinary  farmer  methods  of  simply  going  in  and  slashing.  I  think 
that  is  a  point  that  should  be  taken  up  by  the  foresters  with 
particular  reference  to  instructing  forest  owners  and  water-works 
■people,  who  have  more  or  less  timber  land,  how  to  get  the  highest 
financial  return  from  what  they  have.  Of  course  many  water 
works  have  old  growths;  they  should  cut  this  and  plant  new  stock, 
so  that  there  will  always  be  a  mature  growth  to  harvest  periodically. 
At  Hartford  last  April*  we  threshed  this  out  to  some  extent,  and 
some  of  the  lumbermen  were  not  impressed  with  the  idea  of  water 
works  owning  their  own  equipment,  as  is  recommended.  But  I 
believe  that  where  a  water  works  owns  a  surplus  water  power  it  is 
wise,  for  many  reasons,  to  put  in  a  water-power  mill.  We  have 
begun  the  erection  of  such  a  mill  to  take  care  of  the  timber  that 
we  intend  to  cut.  We  have  put  in  the  head  works  and  expect  in  a 
short  time  to  have  a  mill  for  ourselves  and  for  the  small  farmers 
in  the  vicinity  who  may  wish  to  bring  their  logs  to  us  to  be  cut. 


*  Journal  N.  E.  W.  W.  A.,  Vol.  XXIV,  p.  345. 
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PRACTICAL  FORESTRY  FOR  WATER  WORKS. 

BY  EDWARD  SOHIER  BRYANT,  CONSULTING  FORESTER,  BOSTON,  MASS. 

;  [Read  March  7,  1911.] 

Most  of  the  land  on  the  protective  areas  which  yo\i  control  may 
be  classed  as  agricultural  land,  brush  land,  sprout  land,  woodland, 
marsh  land,  and  newly  made  land. 

I  believe  most- of  you  do  not  favor  agriculture  on  3'our  lands,  as 
the  plowed  land  is  apt  to  be  badly  washed  in  the  spring  of  the  year. 
The  snow,  and  the  surface  layers  of  the  soil,  melt  under  the  spring 
rains  before  the  frost  has  left  the  lower  laj'ers  of  the  soil.  This 
brings  an  objectionable  amount  of  sediment  into  your  reservoirs  — 
and  this  is  especially  true  where  the  land  is  heavily  manured,  as 
it  must  be  to  carry  on  successful  agriculture.  Therefore,  the  only 
agriculture  possible  for  most  of  you  is  the  annual  cutting  of  hay 
lands.  As  the  hay  lands  run  out,  their  onlj-  agricultural  use  is  for 
pasture,  and  finally,  as  they  gradually  deteriorate,  thej'  are  reduced 
to  brush  land. 

All  of  your  brush  land  and  any  pastures  which  are  yielding  poor 
feed  and  small  returns  can  prol)ably  be  put  to  more  profitable  use 
by  planting  them  to  white  pine. 

Probably,  in  the  case  of  those  of  you  who  control  the  largest 
protective  areas,  a  large  proportion  of  your  territory  is  sprout 
land.  Often  such  land  has  been  bought  by  your  companies,  with 
the  privilege  of  cutting  the  timber  reserved  to  the  owner.  For 
this  land  there  is  no  treatment  practicable  except  to  let  it  grow 
up  with  perhaps  the  addition  of  a  few  hundred  white  pine-trees 
per  acre  scattered  in  the  openings  l)etween  the  bunches  of  sprouts. 

I  understand  that  the  best  practice  to-day  for  the  protection  of 
watersheds  involves  the  draining  of  all  swamps  so  that  where 
these  are  wooded  they  are  converted  into  what  I  ha\'e  termed 
woodland.  Where  there  are  open  meadows,  the  draining  prac- 
tically puts  them  in  the  same  class  as  newly  made  land.  By  this 
term  I  mean  to  designate  the  land  which  you  iiave  made  by  exca- 
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vating  peat  and  mud  from  the  beds  of  your  reservoirs  and  piling 
it  on  the  adjacent  low  lands.  All  of  this  newly  made  land,  if  well 
drained,  is  suitable  for  planting  with  white  pine. 

Woodland  that  is  found  in  the  protective  areas  of  the  water 
works  of  New  England  cities  and  towns  consists  largely  of  sprout 
hardwoods  often  reinforced  in  the  older  stands,  to  some  extent,  by 
a  natural  understory  of  hemlock  or  of  mountain  laurel. 

In  many  cases  the  prevailing  popular  impression  that  it  is  a  good 
thing  to  burn  over,  every  year,  hardwood  land,  and  even  pine  land, 
has  been  further  strengthened  in  the  minds  of  water-works  men  in 
their  effort  to  keep  the  hardwood  leaves  out  of  the  reservoirs. 
The  damage  that  burning  over  the  woods  every  year  causes  is  not 
readily  apparent  to  men  whose  chief  interest  is  not  in  the  woods. 
They  fail  to  notice  that  the  quahty  of  the  woods  as  a  timber- 
producing  machine  is  lowered  each  year,  and  that  the  water  runs 
off  cjuicker,  year  by  year,  bringing  a  larger  and  larger  amount  of 
silt  into  the  reservoirs.  The  proper  solution  of  the  leaf  nuisance 
lies  not  in  annually  burning  the  leaves,  but  in  cutting  away  some 
of  the  hardwood  trees  along  the  edge  of  the  reservoirs  and  planting 
white  pine,  Douglas  spruce,  and  hemlock  to  catch  the  leaves.  The 
softwood  trees  do  not  make  an  objectionable  amount  of  litter  in 
the  water  and  their  dense  evergreen  foliage  serves  to  keep  the 
hardwood  leaves  from  blowing  into  the  reservoirs. 

In  managing  your  woodlands  on  forestry  principles  you  have  the 
advantage  over  all  other  forms  of  ownership  in  the  fact  that  neither 
the  taxes  on  the  land  nor  a  high  interest  rate  are  really  chargeable 
against  the  forestry  work.  If  the  land  were  bare,  and  kept  bare,, 
the  water  companies  would  still  have  to  pay  taxes  on  it  in  order 
to  protect  the  quality  of  the  water.  Such  large  stable  public 
service  concerns  can  borrow  inoney  at  an  interest  rate  that  is  far 
more  favorable  than  that  of  any  other  forest  owner  except  the 
state.  You  must  also  maintain  patrolmen  to  keep  your  water- 
sheds from  pollution.  These  men  can  serve  without  additional 
expense  as  a  fire  patrol,  to  detect,  report,  and  extinguish  forest 
fires.  You  have  men  on  your  summer  pay-roll  whom  you  want 
to  keep  with  you.  By  giving  them  a  job  of  cutting  cordwood,  by 
the  cord,  you  can  help  them  without  raising  the  cost  of  improving 
your  woodland.     Your  holdings  must  be  relatively  near  large 
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cities.  That  means  abundant  labor,  cheap  transportation,  and 
an  unlimited  market  for  your  products.  There  is  no  owner  bet- 
ter situated  to  practice  forestry  than  the  water  companies  and  the 
municipally  owned  water  works. 

Hardwood  land  does  not  retain  w^ater  so  well  as  softwood  land. 
The  softwood  trees,  by  shading  the  ground  all  winter,  retain  the 
snow  better.  Their  foliage  keeps  the  warm  air  under  them  from 
cooling  as  quickly  or  as  much  as  it  does  in  the  hardwood  land. 
The  mat  of  fallen  needles  on  the  ground  keeps  the  frost  out  of  the 
soil.  Their  dense  foliage  keeps  the  wind  and  sun  from  drying  off 
the  winter's  accumulation  of  snow  at  the  top.  When  a  rain  or 
warm  thaw  comes,  the  snow  melts  off  at  the  bottom  and  the  water 
sinks  into  the  soil  gradually,  to  be  slowly  added  to  your  water 
supply  through  springs  instead  of  rushing  down  over  the  surface 
all  at  once  in  spring,  at  the  very  time  when  your  reservoirs  are 
already  overtaxed  by  flood  waters  from  agricultural  lands  farther 
upstream.  Hardwood  trees  evaporate  from  their  foliage  far  more 
water  during  the  summer  than  a  similar  area  of  softwood  trees. 

Of  all  the  softwoods,  white  pine  is  the  most  profitable  to  grow 
in  this  region.  From  the  time  that  a  plantation  first  reaches  a 
commercially  marketable  size  at  from  twenty  to  twenty-five  years 
of  age  it  does  not  cease  to  yield  an  annual  increase  in  its  money 
value  over  that  of  the  year  before  of  over  eight  per  cent,  until  it 
is  fifty  years  old. 

For  this  reason  it  is  desirable  to  plant  white  pine  as  much  as 
possible  wherever  planting  is  advisable.  It  is  also  desirable  to 
replace  the  hardwoods  by  pine  as  quickly  as  possible;  all  the  more 
so,  as  the  white  pine  is  not  subject  to  attack  at  all  by  the-brouai- 
tail  moth  and  in  pure  stands  it  is  not  damaged  by  the  gypsy 
moth. 

It  will  pay  you  to  market  much  of  the  smaller  material  as  thin- 
nings, and  concentrate  the  growth  of  your  hardwoods  in  the  best 
specimens  until  they  are  ready  to  be  made  into  saw  timber.  Then 
underplant  the  open  growth  of  hardwood  with  white  pine  seedlings 
a  couple  of  years  before  making  the  final  cutting  of  the  old  har- 
wood.  When  the  old  hardwood  is  removed  you  have  a  pine  plan- 
tation already  started  which  only  needs  the  filling  of  a  few  ])lanks 
where  the  small  pines  have  been  killed,  and   a  small  amount  of 
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brush  cutting  in  about  three  years,  and  six  years  later,  to  leave  it 
in  good  condition  to  grow  until  it  is  thirty  years  old. 

There  is  only  one  spacing  of  white  pine-trees  that  is  commer- 
cially practicable  and  that  is  about  six  feet  apart  each  way.  If 
they  are  planted  closer  than  that  they  soon  become  too  crowded, 
and  long  before  the  material  which  must  be  removed  in  a  thinning 
has  any  commercial  value  they  become  too  spindly  and  stunted  to 
grow  at  a  profitable  rate.  The  expense  of  close  planting  is  also 
enormous.  If  white  pine  is  planted  at  a  greater  distance  apart 
than  about  six  feet  it  grows  limby  and  bushy  and  is  subject  to 
great  damage  by  the  pine  weevil.  Plantations  set  out  six  feet 
apart  each  way  grow  straight  and  with  small  knots  at  a  maximum 
rate  until  they  are  about  thirty  years  old,  when  they  begin  to  be 
crowded.  At  that  age,  however,  the  trees  which  must  be  removed 
are  large  enough  to  make  salable  cordwood. 

To  sum  up,  therefore,  I  would  advise  you,  —  to  keep  out  fire 
from  your  lands,  to  plant  pine  along  the  shores  of  your  reservoirs 
and  streams,  to  thin  your  older  stands  of  hardwood  and  underplant 
them  with  pine  before  finally  cutting  them,  and  to  plant  up  with 
pine  all  open  areas  that  are  not  yielding  a  fair  return.  You  can 
both  make  money  by  growing  timber  and  at  the  same  time  improve 
your  catchment  areas. 
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DESIRABLE   PRESSURE   AT  HYDRANTS. 

BY   E.    V.    FRENXH,    VICE-PRESIDENT   AXD     ENGINEER    OF   THE 
ARKWRIGHT   MUTUAL    FIRE    INSURANCE     COMPANY,     BOSTON,     MASS. 

[Read  April  12,  1911.] 

The  main  purpose  of  a  fire  hj^drant  is,  of  course,  to  furnish 
water  for  extinguishing  fires,  and  the  problem  for  solution  is, 
What  is  a  desirable  pressure  to  have  at  our  hydrants  under  various 
conditions?  If  steam  fire  engines  are  to  be  depended  upon,  then 
but  a  few  pounds'  pressure  maj'  suffice  to  force  the  water  out  of  a 
hydrant  as  fast  as  a  steamer  would  use  it.  It  is  true  that  a  some- 
what higher  pressure  helps  the  steamer,  but  this  is  not  essential. 
The  cities  of  New  York,  Philadelphia,  and  Chicago  for  example 
have  very  low  pressure  supplies.  In  these  cases  the  pipes  are  little 
more  than  underground  canals  to  which  the  steamer  gets  an 
inlet  through  the  hydrant.  New  York  and  Philadelphia  already 
have  special  high-pressure  systems  for  fire  use  only.  Other  cities 
having  low-pressure  supplies  are  considering  the  special  high- 
pressure  fire-fighting  sj'stem,  for  where  there  are  very  large  con- 
centrated values,  sole  dependence  on  low-pressure  water  and 
steamers  has  not  been  considered  to  give  sufficient  protection. 

If  fire  engines  are  not  to  be  relied  upon  entirely,  then  there 
must  be  sufficient  pressure  at  the  hydrants  to  furnish  good  fire 
streams.  The  standard  fire  stream  to-daj'  is  that  discharged  l)y 
a  l|-in.  smooth  nozzle,  with  a  pressure  at  the  base  of  the  nozzle 
of  45  lb.,  giving  250  gal.  per  min.  This  is  the  size  of  stream  best 
adapted  for  all  ordinary  work,  and  for  most  of  the  work  in  any  fire. 
With  very  large  and  high  buildings  a  few  larger  streams  are  gen- 
erally desirable  and  can  be  obtained  by  siamesing  several  lines  of 
hose  or,  in  the  larger  cities,  b}'  the  use  of  3-in.  hose  or  occasion- 
ally larger  sizes,  such  as  is  sometimes  used  with  fire  boats.  In 
dwelling-house  fires  smaller  nozzles  can  sometimes  l)e  used  to 
advantage. 
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The  pressure  needed  at  the  hydrant  to  furnish  a  standard  stream 
depends  on  the  length  of  hose.  Two  and  one-half  inch  cotton 
rubber-lined  hose,  now  almost  universally  used  in  fire  department 
work,  causes  a  loss  by  friction  of  about  14-lb.  pressure  per  100  ft. 
of  length  of  hose  with  250  gal.  flowing.  This  is  for  hose  having  a 
smooth  rubber  lining.  Some  hose  is  sold  in  which,  because  of 
faulty  methods  of  manufacture,  or  a  desire  to  unduly  cheapen  the 
product,  the  rubber  linings  are  not  well  backed  up  and  a  very 
rough  interior  results.  Such  hose  may  cause  a  loss  of  nearly 
double  this  amount.  Of  course  such  inferior  hose  should  not  be 
used.  The  standard  fire-stream  tables  developed  some  years  ago 
by  Mr.  John  R.  Freeman,  after  a  very  elaborate  series  of  tests, 
show  the  hydrant  pressures  needed  with  various  lengths  of  hose  to 
discharge  250  gal.  per  min.,  through  a  l|-in.  smooth  nozzle  to  be 
as  follows : 

Pressure  at  Hydrant 
Length  of  Hose.  must  be, 

Feet.  Pounds, 

100  63 

200  77 

300  92 

400  106 

500  120 

700  149 

1  000  192 

With  pressures  at  the  hydrant  maintained  while  the  stream  is 
flowing,  of  60,  80,  and  100  lb.,  the  height  of  the  stream  as  an 
effective  fire  stream, —  that  is,  before  it  spreads  too  much  into 
spray,  —  with  various  lengths  of  hose,  and  for  moderate  winds, 
will  be  as  in  the  following  table.  Higher  winds  will  very  materi- 
ally lessen  the  effective  height.  The  horizontal  reaching  distance 
of  such  streams  will  be  about  10  per  cent,  less  than  the  effective 
height.  This  reaching  distance  is,  of  course,  important  in  the 
case  of  wide  buildings,  the  necessity  to  throw  streams  across  streets,, 
work  from  ladders,  etc. 
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Effective  Height  of  Streams. 


lilnch  Smooth 
Nozzle. 

Limit  of  Height  with  Moderate  Wind  as  Good  Effective 
Fire  Stream. 

Length  of 
Hose. 

With  100  lb. 
at  Hydrant. 

With  80  lb. 
at  Hydrant. 

With  60  lb. 
at  Hydrant. 

(Feet.) 

(Feet.) 

(Feet.) 

(Feet.) 

100 

88 

82 

67 

200 

82 

72 

59 

300 

74 

65 

.52 

400 

67 

58 

44 

500 

62 

52 

40 

700 

.53 

43 

33 

1000 

42 

34 

25 

This  can  all  best  be  illustrated  by  diagrams  plotted  from  the 
fire-stream  tables  and  showing  the  effective  height  of  streams 
thro^\Ti  from  the  street  upon  a  six-story  building  in  which  the 
height  of  stories  is  assumed  to  be  12  ft.,  bringing  the  roof  72  ft. 
above  the  street  level.  It  is  then  assumed  that  the  streams  are 
supplied  from  hydrants  located  on  the  adjacent  streets  with  hose 
lines  varying  from  100  to  1  000  ft.  in  length.  In  the  first  three 
diagrams  the  hydrant  pressures  are  assumed  to  be  maintained  — 
in  the  first  case,  Plate  I,  at  100-lb.  pressure;  in  the  second,  Plate 
II,  at  80-lb.  pressure;  and  in  the  third,  Plate  III,  at  60-lb.  pres- 
sure. This  would  of  course  mean  that  the  mains  supplying 
these  hydrants  were  of  such  size  that  the  pressure  would  be 
about  the  same  at  all  of  them. 

The  diagrams  well  show  the  effect  of  the  leng-th  of  hose  on  the 
height  of  the  stream.  It  is,  of  course,  true  that  the  highest  drops 
would  go  considerably  higher,  but  the  real  value  of  the  stream 
mu.st  be  measured  by  its  limit  of  height  as  a  fairly  compact  mass 
of  water,  able  to  go  through  windows  and  strike  the  ceilings 
of  the  rooms  with  sufficient  force  to  be  thrown  over  a  considerable 
area.  It  is  this  limit  which  was  carefully  determined  in  the 
making  up  of  the  standard  tables,  and  in  determining  the  effective 
heights. 

For  any  ordinary  fire  fighting,  even  where  the  hydrants  are 
spaced  closely  together,  hose  lengths  of  250  to  350  ft.  will  be  neces- 
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sary.  This  gives  sufficient  leeway  for  going  around  corners, 
into  alleys,  up  ladders,  etc.,  and  is  essential  for  reasonable  facility 
in  getting  at  the  fire.  It  is  fair  to  take  an  average  of  about  300  ft. 
as  the  length  of  hose  usually  needed.  Plate  IV  has  been  plotted 
to  show  the  hydrant  pressures  necessary  \\ith  hose  lines  300  ft. 
in  length  for  buildings  of  four,  five  and  six  stories  in  height.  It 
is  seen  at  once  that  to  reach  the  top  stories  under  these  conditions 
the  hydrant  pressures  while  the  streams  are  flowing  would  have 
to  be  60,  75,  and  95  lb.,  respectively. 

There  will  always  be  some  loss  of  i^ressure  in  the  mains,  and  an 
unavoidable  loss  of  2  or  3  lb.  in  the  branch  to  the  hydrant  and 
through  the  hydrant  itself.  A  total  drop  in  pressure  of  10  to  15  lb. 
due  to  friction  in  the  general  pipe  system,  including  the  loss  into 
and  through  the  hydrant,  would  be  reasonable,  but  even  this 
would  require  large  supply  mains,  and  a  great  many  systems 
to-day  show  a  much  larger  drop  in  pressure  than  this  for  con- 
siderable fire  drafts.  The  ordinary  pressure  must  therefore  be 
enough  above  these  pressures  so  that,  with  the  friction  losses  which 
the  heavy  drafts  of  a  large  fire  cause,  the  hydrant  pressures  will 
not  drop  below  these  points. 

AMOUNT   OF   WATER   NEEDED. 

The  number  of  streams  likely  to  be  required  must,  of  course, 
be  determined  in  laying  out  any  system.  For  almost  any  con- 
dition 6  streams  would  be  a  minimum,  requiring  1  500  gal.  per 
min.  As  soon  as  the  built-up  section  of  a  town  or  small  city 
comes  to  be  somewhat  closely  covered  and  of  moderate  area  a 
capacity  of  about  10  streams,  requiring  2  500  gal.  per  min.,  is 
needed.  In  our  cities  of  medium  size,  such  as  Springfield,  L,^ain, 
and  Worcester,  provision  should  be  made  for  20  to  30  streams,  and 
to  give  a  good  margin  for  water  used  by  automatic  sprinklers, 
inside  standpipes,  or  wasted  through  broken  connections  for 
ordinary  services,  such  as  are  sure  to  occur  in  any  considerable 
fire,  an  available  capacity  of  10  000  gal.  per  min.  has  been  generally 
advised  and  is  necessary  for  reasonable  safety,  with  the  construc- 
tion now  common  in  cities  of  this  general  tjT^e.  These  quantities 
of  water  must,  of  course,  be  delivered  in  addition  to  the  normal 
consumption  of  the  community. 
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Such  large  amounts  of  water  would  only  be  ncedctl  in  the  con- 
gested sections,  which  are  the  high-value  districts,  and  the  pipe 
sizes  suppljdng  these  sections  must  be  able  to  deliver  such  quanti- 
ties within  the  limits  of  about  10  lb.  below  the  regular  static 
pressure  unless  the  normal  pressure  is  carried  much  higher  than 
needecj,  which  is  not  generally  advisable. 

The  total  amount  of  water  used  in  even  large  fires  is  not  as  great 
as  freciuently  thought.  A  fire,  for  example,  requiring  10  streams 
for  five  hours  would  use  750  000  gal.  However,  the  rate  of  draft 
for  fire  fighting  is  frequently  high  in  comparison  with  the  ordinary 
consumption.  Three  standard  fire  streams  discharging  750  gal. 
per  min.  use  water  at  a  rate  of  a  little  more  than  a  million  gallons 
a  day,  and  10  streams  mean  a  rate  of  flow  of  about  three  and 
one-half  million  gallons  per  2-1  hours.  Pipe  sizes  must,  of  course, 
be  proportioned  for  the  maximum  rate  of  demand  which  any 
fire  is  likely  to  cause. . 

LOCATION    OF    HYDRANTS. 

It  is  also  of  vital  importance  where  hydrants  are  to  be  de- 
pended upon  for  fire  streams  that  they  should  be  so  near  together 
that  the  whole  capacity  of  the  water  supply  may  be  concentrated 
on  any  point  where  the  total  strength  of  the  system  may  be 
needed,  and  this  should  be  possible  with  the  use  of  hose  lines  gener- 
ally not  over  300  ft.  in  length.  This  would  usually  require  hy- 
drants much  closer  together  than  is  the  usual  practice.  Hydrants 
are,  however,  much  cheaper  than  hose  or  steam  fire  engines.  Where 
steamers  are  depended  upon  it  is  very  common  to  use  hose  streams 
500  and  600  ft.  in  length,  and  frequently  longer,  but  this  is  undesir- 
able, even  with  steamers,  and  a  great  waste  of  energy  is  absorbed 
simply  in  friction.  With  ordinary  hydrant  pressures  depended 
upon,  such  needless  losses  cannot  be  tolerated. 

From  the  above  study  it  is  evident: 

First,  that  for  the  general  conditions  found  in  our  cities 
and  larger  towns,  the  ordinary  static  pressure  at  hydrants 
in  the  business  and  manufacturing  sections,  which  best 
meet  the  conditions  as  a  whole,  lie  between  80  and  100  lb. 
A  pressure  of  80  lb.  will  do  very  good  work  for  smaller  com- 
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munities;  100  lb.  is  needed  for  the   general  conditions  of 
cities  rather  above  mecUum  size. 

Second,  pipe  sizes  must  be  such  that  the  maximum 
amount  of  water  needed  in  any  section  can  be  supplied 
without  reducing  the  pressures  at  the  hydrants  more  than 
about  10  lb.  below  the  ordinary  static  pressures  e!xisting 
with  every-day  drafts. 

DIFFERENT    ELEVATIONS. 

It  often  happens  that  there  are  considerable  differences  in  eleva- 
tion within  the  limits  of  one  town  or  city.  It  is  desirable  where 
possible  to  so  fix  the  pressure  that  a  single  system  will  supply 
all  sections.  This  gives  the  simplest  and  most  efficient  arrangement 
of  distributing  pipes.  In  such  cases,  in  order  to  get  an  efficient 
pressure  in  the  higher  portions,  which  would  generally  be  the 
residential  sections,  it  may  be  necessary  to  let  the  pressure  in  the 
lower  parts  be  considerably  above  100  lb.,  and  this  can  be  done 
witlwut  difficulty.  At  Fall  River  the  pressures  along  the  water- 
front range  from  100  to  127  lb.  At  Worcester  a  high-service 
system  is  available  in  a  large  part  of  the  city  and  the  pressures 
range  from  140  to  150  lb.  At  Fitchburg  the  pressures  average 
about  140  lb.,  running  up  to  150  in  a  number  of  places.  These 
are  high  pressures  and  above  what  would  ordinarily  be  recom- 
mended for  a  general  public  service,  but  they  have  been  maintained 
and  used  by  the  regular  consumers  for  years  without  special 
difficulty.  The  arrangement  of  the  new  water  supply  for  Spring- 
field, which  gives  140  lb.  throughout  the  business  district,  with 
pressures  of  75  to  80  lb.  for  most  of  the  residential  section,  is 
an  excellent  example  of  different  levels  supplied  by  one  system. 
It  provides  excellent  fire  protection  and  will  undoubtedly  prove 
satisfactory  from  practically  every  standpoint. 

Experience  shows  that  there,  is  no  serious  difficulty  in  maintain- 
ing pipes  and  fittings  within  the  limits  of  the  above  pressures. 
Further,  that  it  is  possible  to  change  from  a  lower  pressure  to  a 
materially  higher  one  without  any  really  important  difficulties. 
With  reasonable  care  there  is  no  need  of  any  great  increase  in 
leakage  or  in  breaks,  especially  when  starting  new.     Where  the 
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water  has  to  be  pumped  it  would  cost  somewhat  more  to  raise  it 
to  the  higher  elevation,  but  with  modern  efficient  pumping  machin- 
ery the  difference  is  not  great  and  the  whole  cost  of  pumping 
is  relatively  small  in  comparison  with  otlier  costs  which  our  water 
departments  must  meet. 

ADVANTAGES. 

The  first  and  principal  advantage  from  hydrant  pressures  of 
70  to  100  lb.,  and  sometimes  higher,  comes  from  the  immense 
improvement  in  fire  protection  which  is  secured  above  that 
obtainable  with  low  pressure  and  dependence  on  fire  engines. 
Each  hydrant  becomes  practically  the  equivalent  of  the  average 
steamer;  lines  of  hose  can  be  attached  to  a  hydrant  and  water 
put  on  a  fire  much  more  quickly  than  if  a  steamer  has  to  be  set, 
connected,  and  put  in  operation.  If  the  progress  of  a  fire  makes 
.it  necessary  to  shift  hose  lines  this  can  be  done  much  more  ex- 
peditiously than  if  a  heavy  fire  engine  has  to  be  moved.  When 
a  conflagration  threatens  to  sweep  our  cities,  as  at"  Chelsea  and 
Baltimore,  hose  carts  can  quickly  lay  lines  in  chfferent  sections, 
making  it  possible  to  surromid  and  drown  a  fire  which  would 
get  away  in  the  time  lost  by  moving  steamers  and  getting  them 
in  operation..  Radical  improvements  in  construction  would 
be  the  best  way  to  stop  conflagrations,  but  this  is  a  remed}^  which 
will  come  but  slowly,  and  until  our  standard  is  greatly  improved 
there  is  nothing  which  would  give  the  probability  of  checking 
a  conflagration  so  well  as  good  pressure  available  at  every  hy- 
drant supplied  by  pipes  of  such  size  that  each  hydrant  could  at 
any  moment  furnish  two,  three,  or  four  efficient  fire  streams. 
Strong  water  supplies  also  verj'  much  increase  the  value  and. 
efficiency  of  sprinkler  equipments. 

A  toAvn  or  city  with  such  a  water  supply  can  make  a  very  ma- 
terial saving  in  the  cost  of  its  fire  department  over  what  would 
be  necessary  with  low-pressure  water  and  sole  dependence  on 
steam  fire  engines.  In  such  a  city  it  would  in  many  cases  he  neces- 
sary to  keep  onl}'  a  few  steamers  in  service  and  in  some  cases  none 
at  all.  Such  steamers  as  were  needed  would  usually  respond  to 
only  a  few  boxes  in  the  more  hazardous  sections,  so  that  in  the  main 
these  steamers  would  be  practically  in  reserve,  and  could  be  main- 
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tained  at  a  minimum  cost.  Figures  obtained  in  two  cities  under 
good  average  conditions  showed  the  cost  for  maintaining  fire 
apparatus  to  be  about  as  follows: 

Yearly  cost  of  maintaining  a  hose  wagon  about $4  000 

Yearly  cost  of  maintaining  a  steam  fire  engine  and  a  hose  wagon ....  8  000 

Yeatly  cost  of  maintaining  a  steam  fire  engine  without  a  hose  wagon,  4  600 
Yearly  cost  of  maintaining  a  steam  fire  engine  in  active  service 

beyond  what  it  would  cost  to  maintain  it  in  reserve  about 3  400 

These  figures  include  the  cost  of  the  men,  the  horses,  repairs, 
and  all  ordinary  expenses,  together  with  a  proper  amount  of  inter- 
est, and  sinking  fund  charges  for  the  house  or  the  part  of  the  house 
occupied  by  the  apparatus  in  question. 

It  will  be  seen  from  these  figures  that  a  very  material  saving 
in  annual  cost  is  possible,  and  when  this  can  be  done  with  an  in- 
crease in  the  efficiency  of  the  fire  depatrment  the  gain  is  most 
satisfactory.  This  saving  would  generally  more  than  pay  for  any 
additional  cost  in  the  annual  charges  for  the  water  department, 
and  would  in  some  cases  also  pay  considerable  interest  and  sink- 
ing fund  charges  on  the  cost  which  might  be  entailed  in  changing 
a  low  or  moderate  system  for  one  of  good  pressures,  such  as  are 
believed  desirable. 


SPECIAL   HIGH-SERVICE   SYSTEMS. 

Such  a  system  using  separate  pipes  from  those  of  the  ordinary 
water  works,  and  designed  exclusively  for  fire  fighting,  with  water 
supplied  at  pressures  which  may  go  as  high  as  200  or  300  lb. 
may  be  justified  in  ten  or  twelve  great  cities  of  the  country,  where 
enormous  values  are  concentrated,  and  warrant  the  maximum 
protection.  It  is  not  believed  that  such  special  systems  are 
warranted  in  the  great  majority  of  our  cities.  The  cost  entailed 
would  often  be  ample  to  put  the  usual  system  on  a  good  pressure 
basis  which  would  give  most  efficient  fire  protection.  When 
this  is  done  the  whole  city  gets  the  benefit,  w^hereas  in  general 
the  special  high  service  must  be  hmited  to  a  few  districts.  This 
method  gives  greater  simplicity,  eflriciency,  and  probably  in 
general  at  lesser  cost.     If  it  is  coupled  with  a  judicious  requirement 
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for  automatic  sprinklers  in  dangerous  buildings  which  may  be 
fire  breeders,  more  will  be  accomplished  than  Ijy  any  special  high- 
pressure  fire  system  which  could  ordinarily  be  provided. 

GRAVITY  SUPPLIES  BEST. 

A  gravity  supply  of  water  is  the  best  thing  for  fire  purposes. 
A  reservoir  of  good  capacity  or  a  large  standpipe  gives  a  reserve 
supply  already  stored  at  the  higher  elevation  and  available  to  meet 
any  sudden  large  demand.  Water  thus  stored  is,  we  may  say, 
capital  on  hand,  giving  strength  to  meet  any  emergency,  whereas 
the  best  pumping  equipment  must  depend  on  the  right  action  being 
promptly  taken  when  special  demand  arises,  and  there  must  be 
very  large  reserve  capacity  to  meet  possible  heavy  calls  which 
would  come  but  rarely. 

We  found  in  stud^'ing  this  problem  at  Lynn  that  it  was  now 
possible  to  build  very  large  standpipes  of  concrete,  and  these  may 
well  be  used  in  those  cases  where  there  is  not  a  suitable  site  for 
a  large  reservoir  which  would  be  generally  preferable  where  feasi- 
ble. Standpipes  holding  as  much  as  8  000  000  gallons  can  be  built, 
and  reputable  concrete  men  are  ready  to  guarantee  them.  We 
considered  two  sizes,  one  125  ft.  in  diameter  by  90  ft.  in  depth 
of  water,  another  150  ft.  in  diameter  by  60  ft.  depth  of  water. 
Such  standpipes  can  be  built  at  a  cost  of  $100  000  to  $125  000; 
the  capacity  of  each  would  be  about  8  000  000  gal. 

Twenty  years  ago  tanks  for  fire  purposes  in  our  factories  of 
5  000  gal.  were  common.  To-day  steel  tanks  of  50  000  to  100  000 
gal.  and  steel  trestles  from  75  to  125  ft.  in  height  are  regular 
productions,  like  any  other  commodity,  and  are  commonly  used 
where  tank  supplies  are  necessary.  In  the  same  way  the  develop- 
ment of  our  water-works  systems  should  go  bej'ond  the  small 
standpipe  of  200  000  or  300  000  gal.  to  standpipes  of  several 
million  gallons,  or  to  larger  reservoirs  wherever  they  arc  avail- 
able. 

Such  water  supplies  delivered  at  good  pressures  will  give  our 
communities  greatly  increased  fire  protection,  and  in  general 
stronger  and  more  satisfactory  Avater-works  systems. 
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The  President.  Mr.  French's  statement  that  in  many  cities 
money  can  be  better  spent  in  improving  the  regular  water-works 
system  to  make  it  sufficient  for  ordinary  fire  requirements  than  in 
putting  in  a  special  high-pressure  system  is  most  interesting  and 
important.  I  have  had  the  feeling  for  some  time  that  the  policy 
outlined  was  a  wise  one  for  many  of  our  cities,  and  I  have  en- 
couraged it  in  several  cases. 

Mr.  French  also  made  an  interesting  statement  to  me  privately 
before  he  spoke,  to  the  effect  that  if  such  automatic  sprinklers  as 
are  required  in  the  factories  insured  by  Mr.  French's  companies 
had  been  installed  in  a  certain  factory  building  in  New  York  City, 
the  fire  which  occurred  in  it,  with  a  dreadful  loss  of  life,  a  few  weeks 
ago,  could  have  been  entirely  prevented. 

Most  of  you  know  of  the  work  of  the  National  Board  of  Fire 
Underwriters.  They  send  their  men  to  test  your  water  supply 
systems,  find  out  where  they  are  weak,  and  tell  you  how  they  may 
be  improved.  I  think  some  of  you  have  an  idea  that,  whatever 
size  of  pipe  you  propose  to  lay  for  your  mains,  the  insurance 
people  will  recommend  one  size  larger. 

We  are  fortunate  in  having  with  us  Mr.  Booth,  representing  the 
National  Board  of  Fire  Underwriters.  I  will  ask  Mr.  Booth  to 
explain  this  and  other  matters  to  you. 

Mr.  George  W.  Booth.  Mr.  President  and  Gentlemen,  —  I  am 
sure  there  is  some  misunderstanding  in  regard  to  what  your  Presi- 
dent has  just  said,  because  I  looked  over  the  plans  of  the  Spring- 
field distribution  system  this  morning,  and  I  am  sure  I  would  not 
recommend  any  larger  pipes.  I  was  in  some  doubt  before  Mr. 
French  read  his  paper  as  to  whether  I  was  going  to  be  able  to  agree 
with  him  on  all  points,  but  after  I  have  heard  him  read  it  I  do  not 
remember  that  there  is  anything  ynih.  which  I  cannot  entirelj^ 
agree.  There  are  some  points,  however,  to  which  I  should  like 
to  call  attention. 

I  suppose  there  is  nothing  which  has  been  the  subject  of  more 
debate  among  the  engineers  of  the  National  Board  of  Fire  Under- 
writers than  this  question  of  hydrant  pressures.  The  debate  has 
been  not  so  much  on  the  possibility  of  securing  good  protection 
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where  good  pressures  exist,  but  whether  it  was  fair  to  expect,  or 
whether  it  could  be  expected,  that  the  fire  department  could  and 
would  make  such  use  of  those  pressures  as  to  secure  effective 
results.  There  are  several  reasons  why  a  system  ha\'ing  a  pressure 
of  80  to  100  lb.  to  the  square  inch  does  not  always  give  such  results. 
Perhaps  one  of  the  commonest  reasons  is  that  the  mains  are  not 
large  enough  to  maintain  that  pressure  under  heavj^  draft,  which, 
after  all,  is  the  real  test  of  a  sj'stem,  and  the  idea  on  which  it  should 
be  designed;  or  because,  where  direct  pumping  is  depended  on, 
there  isn't  sufficient  pumping  capacity.  Not  all  cities  have  been 
as  courageous  as  Springfield  in  securing  high  pressures.  The 
orcUnary  pressure,  where  direct  hydrant  streams  are  depended  on 
alone,  of  from  80  to  100  11).  will  very  likely  not  be  maintained  under 
heavy^  draft,  but  will  drop,  perhaps,  20  or  30  lb. 

Another  reason  why  a  system  nominally  able  to  give  good 
service  does  not  give  it,  is  the  poor  hydrant  distribution.  So  far 
as  my  inspection  of  hydrant  spacing  in  Springfield  goes,  I  think 
that  that  criticism  could  not  be  made  with  justice  here.  But  in 
most  cities,  especiall.v  outside  of  New  England,  the  length  of  some 
of  the  hose  lines  which  it  is  necessary  to  use  in  furnishing  the  num- 
ber of  streams  desired  will  run  up  as  high  as  800  or  1  000  ft.,  and 
these  diagrams  that  Mr.  French  has  prepared  show  you  what  kind 
of  a  stream  can  be  secured  through  such  hose  lengths,  even  under 
the  best  conditions.  Moreover,  since  a  conflagration,  which  de- 
mands the  greatest  supply,  is  apt  to  occur  under  adverse  condi- 
tions, perhaps  high  winds  or  other  conditions  which  detract  from 
the  efficiency  of  the  system,  there  is  still  further  reason  for  not 
getting  as  good  results  as  should  be  obtained. 

Another  point  that  is  sometimes  of  considerable  importance  is 
the  loss  of  head  in  the  hj^lrant.  We  have  found  cases  where  the 
loss  of  head  has  been  20  or  30  lb.  And  that  is  not  to  be  wondered 
at  when  you  take  into  account  some  of  the  hydrant  connections. 
I  think  one  of  the  worst  I  can  remember  is  a  case  where  the  hydrant 
was  connected  with  the  main  by  three  f-in.  pipes.  Naturally  you 
wouldn't  expect  to  get  very  much  water. 

As  concerns  hydrant  i^ressures  on  separate  fire  main  systems, 
most  of  these  systems  provide  for  an  ultimate  pressure  of  300  lb., 
but  I  think  the  maximum  has  never  been  used.     The  highest  I 
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can  recollect  was  during  three  simultaneous  fires  in  New  York, 
when  they  were  carrying  a  pressure  of  225  lb.  at  the  pumping 
station,  and  as  they  were  delivering  something  over  30  000  gallons 
a  minute,  it  w^as  rather  necessary  that  a  high  pressure  should  be 
maintained.  What  we  have  in  mind  is,  that  while,  perhaps,  under 
the  best  conditions  100  lb.  will  give  you  good  fire  service,  we  feel 
safer  if  there  is  something  more  back  of  it,  for  use  if  necessary 
under  adverse  conditions. 

I  am  able  to  agree  with  Mr.  French  on  another  point,  and  that 
is  that  there  are,  perhaps,  only  ten  or  a  dozen  of  the  biggest  cities 
in  the  country  which  really  stand  in  need  of  a  high-pressure  sys- 
tem such  as  has  been  put  in  in  Philadelphia  and  New  York.  I 
believe  if  you  will  look  over  the  reports  of  the  National  Board  you 
will  find  in  a  great  many  of  them  that  reference  is  made  to  the  fact 
that  money  can  be  spent  to  better  advantage  by  bolstering  up  the 
old  systems  and  increasing  the  pressures  than  by  putting  in  sep- 
arate systems. 

The  President.  This  Association  some  years  ago  adopted  a 
uniform  hose  coupling,  which  is  described  in  one  of  our  Journals,* 
and  is  a  very  vital  matter,  because  when  there  is  a  big  fire  in  one  of 
our  cities  and  we  want  the  fire  engines  from  other  cities  to  come  and 
help  us,  if  the  connections  for  different  hose  are  different,  as  they 
all  used  to  be,  it  is  a  very  bothersome  matter,  and  may  greatly 
interfere  with  or  entirely  prevent  advantage  being  taken  of  assist- 
ance. Mr.  Griswold  is  here  to-day  and  has  something  that  he 
wants  to  show  to  the  members  of  the  Association  in  that  line. 

Mr.  F.  M.  Griswold. t  A  committee  was  formed  some  years 
ago  with  the  idea  of  proposing  a  thread  which  would  be  universal 
on  2|-in.  hose  couplings.  In  going  over  the  past  work  in  relation 
to  standardizing  the  thread,  we  w^nt  back  to  1873,  when  the  chief 
of  the  Fire  Department  of  Cleveland,  Ohio,  proposed  a  standard. 
For  some  reason,  I  don't  think  from  any  scientific  knowledge  on 
his  part,  he  picked  out  a  thread  of  d^t  in.  outside  diameter  over 
the  male  thread  with  7^  threads  to  the  inch.  It  is  an  odd  com- 
bination, but,  as  has  been  said  by  a  great  many  people,  it  has 
proven  to  be  a  mechanical  anomaly.     For  instance,  you  cannot, 

*  Journal  N.  E.  W.  W.  A.,  Vol.  XX,  p.  348. 

fOf  the  Home  Insurance  Company  of  New  York,  N.  Y. 
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put  a  6  and  7  thread  together,  nor  can  you  put  a  7  and  8  thread 
together,  but  you  can  use  in  a  7|  female  thread  the  7  and  8  male 
thread  of  the  same  outside  diameter,  even  if  they  have  not  been 
machined  to  make  a  better  fit.  In  other  words,  a  full  3i^-in. 
outside  diameter  male  of  7  threads  will  go  into  the  7|  female  of  the 
same  diameter  sufficiently  for  an  emergency  coupling,  and  with 
the  pressure  that  may  be  put  on  the  soft  metal  with  a  spanner  it 
can  be  run  down  to  within  about  one  thread  of  a  complete  con- 
nection. 

This  city  of  Springfield  has  just  demonstrated  the  practica- 
bility of  changing  from  a  snap-couphng,  —  the  Universal,  I 
believe  it  was.  If  you  drop  a  heavy  snap-coupling  on  a  stone 
pavement,  it  is  liable  to  jamb  the  edges,  so  that  you  cannot  make 
a  good  joint,  and  every  section  will  leak  at  the  coupling.  Here  in 
Springfield  they  have  changed  the  couphngs  on  over  1  350  fire 
hydrants  and  over  22  000  feet  of  hose,  so  that  this  city  has  the 
National  standard  coupling.  This  couphng  does  not  have  any 
one's  patent  behind  it,  it  is  absolutely  an  open  device  with  nothing 
in  it  for  anybody,  and  anyone  who  knows  how  to  make  a  coupling 
can  make  it. 

It  is  one  of  the  easiest  things  in  the  world  to-day  to  use  a  7  or  8 
thread  within  the  range  of  a  Bre-in.  outside  diameter  or  even  of 
3  1/32  in.  or  3  1/64  in.  where  the  inside  diameter  of  the  hose 
coupling  itself  is  not  greater  than  2|  in.  Of  course,  if  you  increase 
the  inside  diameter,  you  reduce  the  shell,  and  if  j'ou  knock  anything 
off  that  shell  you  weaken  it  so  that,  perhaps,  in  drawing  the  hose 
you  may  break  it.  But  so  long  as  the  interior  is  2|  in.  or  less, 
and  your  outside  diameter  is  3i^  in.,  you  may  very  readily  and  very 
serviceably  change  a  7  and  an  8  thread  to  fit  the  7^  female  thread. 
It  is  not  necessary  to  remove  the  nipple  from  the  hydrant,  nor  the 
coupling  from  the  hose,  to  accomplish  these  results.  A  tap  and 
die  that  is  designed  to  the  number  of  threads  you  are  operating  on 
will  do  the  work  of  reduction,  which  may  be  accomplished  bj'  the 
firemen  themselves  at  odd  times. 

This  is  the  sixth  year,  I  think,  that  this  committee  has  been  at 
work.  We  were  very  plea^santly  told,  when  we  were  appointed, 
that  we  might  accomplish  something  in  twenty  years,  but  I  am 
glad  to  say  that  inside  of  twenty  months  we  had  all  the  leading 
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authorities,  —  the  American  Water  Works  Association,  the  New- 
England  Water  Works  Association,  the  International  Association 
of  Fire  Engineers,  the  National  Association  of  Fire  Engineers,  and 
many  municipal  societies,  —  all  approving  it,  and  now  this  city 
has  given  us  a  demonstration  of  the  method  by  which  the  National 
Standard  may  replace  the  non-standard  coupling.  I  can  report 
to-day  that  a  new  record  which  our  committee  has  just  issued 
shows  that  there  are  seventy-eight  places  from  which  w^e  have 
learned  that  the  change  from  non-standard  to  standard  couplings 
has  been  made,  —  that  is  to  say,  either  by  adopting  the  standard 
for  new  installations,  or  by  trimming  down  their  7  or  8  thread  to 
fit  the  7|-in.  female.  I  imagine  if  everybody  from  whom  we  have 
heard  in  relation  to  couplings  had  taken  the  trouble  to  tell  us 
whether  they  had  changed  or  not,  we  might  have  one  hundred  and 
seventy-seven  on  the  list.  No  water-works  superintendent  or 
fireman  who  has  charge  of  a  system  need  feel  afraid  of  maldng  this 
change  when  the  opportunity  offers.  It  is  a  matter  of  little  expense, 
and  it  absolutely  helps  you  in  getting  assistance  from  your  neighbor 
when  you  need  him,  and  helps  your  neighbor  when  you  go  to  help 
him.  You  recall,  perhaps,  that  at  the  time  of  the  Baltimore  fire 
the  New  York  Fire  Department  went  down,  but  it  was  absolutely 
of  no  service  to  Baltimore  until  it  got  to  the  open  water  of  Jones's 
Falls,  where  it  could  make  suction.  Previous  to  that  their  suction 
hose  was  tied  to  the  hydrant  outlet  by  wire,  and  a  horse  blanket 
tied  over  that,  so  that  the  engines  could  get  some  w^ater,  but  not 
much.  When  they  got  down  to  where  they  could  get  open  w^ater,, 
they  did  very  efficient  work. 

I  trust  that  you  will  not  forget  that  this  is  as  much  the  baby  of 
the  New  England  Association  as  it  is  of  the  National  Fire  Protec- 
tion Association,  and  that  our  committee  will  help  you  wherever 
it  is  necessary,  and  will  be  very  glad  to. 

The  President.  I  hope  that  every  member  of  the  Association 
will  use  his  influence  in  every  proper  way  to  secure  the  adoption 
by  our  cities  of  this  Standard  thread,  which  the  Association  has 
adopted. 

Mr.  George  A.  King.*  There  wasone  point,  Mr.  President,, 
which  Mr.  Booth  touched  upon  which  it  seems  to  me  should  be 

*  Superintendent  of  Water  Works,  Taunton,  Mass. 
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considered  by  all  of  us  in  designing  our  arrangement  of  hydrants 
and  their  connection  with  the  mains;  that  is,  the  loss  of  pressure 
due  to  friction  in  the  connection  from  the  main  through  the  hy- 
drant. I  think  that  the  design  of  the  tee  connecting  the  main,  and 
the  size  of  the  connection  with  the  hydrant,  are  worthy  of  more 
consideration  than  we  have  been  giving  them,  at  least  in  our  city. 

There  is  one  other  point  which  I  \\^sh  Mr.  Booth  might  give  us 
some  information  upon.  I  have  examined,  I  think,  from  seventy- 
five  to  one  hundred  reports  of  the  Board  of  Fire  Underwriters, 
and  in  every  one  of  them  they  speak  of  the  desirability  of  keeping 
a  record  of  the  gate  inspections.  In  the  reports  which  I  have 
examined  I  think  half  a  dozen  cities  are  mentioned  as  keeping  a 
record  of  the  gate-valve  inspections,  but  I  have  written  to  every 
one  of  those  places,  and  I  have  got  from  only  one  a  form  in  which 
that  record  is  kept,  that  is,  Omaha,  Neb.  Utica,  N.  Y.,  has  sent 
me  a  sketch  of  what  they  propose  to  use,  and  those  are  the  only 
two  places  from  which  I  have  obtained  any  idea  of  what  system 
is  employed,  and,  so  far  as  I  have  been  able  to  learn,  they  are  the 
only  places  in  which  any  record  is  kept  of  gate  inspections.  I 
would  like  to  know  what  the  Board  of  Underwriters  would  like  to 
have  done  in  that  line. 

Mr.  Booth.  There  are  not  many  places,  perhaps,  where  they 
do  keep  such  a  record,  but  I  know  of  perhaps  half  a  dozen,  and  I 
will  be  glad  to  look  the  matter  up  and  send  you  what  seems  to  be 
the  best  form.*  The  reason  for  keeping  such  record  is,  of  course, 
pretty  evident.  It  is  well  illustrated  by  a  report  which  came  in 
from  one  of  our  large  cities  a  little  while  ago,  that  out  of,  I  think, 
about  7  000  different  gates  inspected,  70  or  80  were  found  closed 
altogether,  probably  because  the  men  who  had  operated  them  had 
gone  away  and  forgotten  all  about  their  being  closed.  Besides 
those  70  or  80,  there  were  a  large  number  which  were  partly  closed. 
If  a  record  is  kept  of  every  operation  of  a  gate,  it  isn't  nearly  so 
likely  that  the  man  who  closes  it,  perhaps  to  repair  a  break  in  the 
main,  will  go  off  and  leave  it  closed. 

I  think  it  is  not  nearly  as  much  of  a  task  to  keep  the  record  as 
you  may  think.  It  is  kept  in  a  number  of  places.  I  know  it  is 
kept  in  New  York,  at  least  on  the  high-pressure  system.    I  haven't 

*  See  pages  27<')  and  277. 
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in  mind  just  what  the  places  are,  and  cannot  tell  just  what  the 
form  of  the  record  is. 

Mr.  Morris  Knowles.*  I  take  it,  Mr.  President,  that  there 
is  no  serious  disagreement  between  Mr.  French  and  Mr.  Booth  in 
regard  to  the  necessity  of  some  things  other  than  high  pressure; 
further,  that  Mr.  French  will  agree  ^\ath  Mr.  Booth  that  it  is 
necessary  to  have  the  mains  adequate  and  the  sources  of  supply 
sufficient,  whether  from  pumps  or  reservoirs.  Mr.  Booth  has 
touched  upon  one  other  point  which  I  think  needs  emphasis,  and 
that  is  the  distribution  of  the  hydrants.  Generally,  the  lack  of  a 
proper  distribution,  or  lack  of  a  sufficient  number  of  hydrants, 
may  be  attributed  to  the  method  of  pajdng  for  fire  protection 
service.  This  may  not  always  be  true  in  municipal  supplies,  at 
least  where  nothing  is  paid  by  the  city  itself  to  the  water-works' 
finances  for  the  use  of  hydrants,  but  it  certainly  is  true  where  the 
municipality  is  supplied  by  a  private  corporation. 

As  you  all  know,  the  usual  basis- of  payment  for  fire  service  pro- 
vides an  annual  rental  at  so  much  per  hydrant,  and  the  number  of 
hydrants  is  determined  by  the  choice  of  the  municipality.  In 
making  the  original  contract,  they  may  have  started  out  with  a 
certain  minimum  number  of  hydrants.  As  the  city  grew,  and  most 
of  our  cities  have  grown  very  rapidly,  they  may  not  have  changed 
the  contract,  at  least  so  far  as  the  minimum  number  is  concerned. 
Consequently,  the  municipality,  desiring  to  keep  the  price  as  low 
as  possible,  has  made  an  effort  to  keep  the  number  of  hydrants 
at  the  minimum. 

It  seems  to  me  the  compensation  for  fire  service  should  be  dif- 
ferently arranged  than  is  customary.  Let  it  be  recognized  that 
payment  should  be  based  upon  the  ability  of  the  plant  to  furnish 
sufficient  water  at  good  pressure,  and  not  merely  upon  the  cost 
of  a  certain  number  of  hydrants.  The  number  of  hydrants  should 
not  be  made  the  basis  of  payment,  any  more  than  should  the 
quantity  of  water  consumed  for  fire  purposes  be  considered  as  a 
proper  measure  of  the  fire  service  rendered.  It  is  possible  and 
practical  to  estimate  the  value  of  this  service  in  any  given  case. 
This  cost  may  be  paid  in  several  ways,  as  a  lump  sum,  or  per  mile 
of  main,  or  in  any  similar  manner  which  may  be  thought  advisable, 

* Cor.sult iug  Engineer,  Pittsburg,  Va. 


DISCUSSION.  263 

but  the  important  point  is  to  have  it  understood  that  the  real 
basis  is  the  protection  afforded  and  not  merely  the  number  of 
hydrants  in  use  —  then,  and  not  until  then,  will  the  present  in- 
centive to  unduly  restrict  the  number  of  hj-drants  be  removed. 

Another  thing  I  was  very  glad  to  hear  IVIr.  French  mention  was 
the  desirability  of  not  having  dual  supplies  unless  there  is  some 
special  concUtion.  I  think  this  is  in  the  same  class  with  the  so- 
called  dual  supply  for  domestic  water.  That  question  frequently 
comes  up  in  this  way:  "  Why  is  it  not  wise,  instead  of  having  all 
the  water  pure,  simply  to  have  a  small  supplj'  of  good,  pure  water 
for  household  use,  and  let  the  main  supply  for  general  uses  be  as  it 
may?  "  Outside  of  the  question  of  danger  to  health  in  having  a 
dual  supply,  where  people  are  always  prone  to  drink  from  the 
wrong  one,  there  is  the  question  of  the  economy  of  the  system. 
Very  seldom  it  happens  that  it  is  economical  to  build  two  systems. 
And  I  think  the  same  is  true  as  regards  fire  protection;  it  is  rarely 
true  that  it  pays  to  build  two  different  systems,  unless  the  situation 
is  verj'  unusual,  like  a  congested  and  hazardous  section  in  a  large 
city,  and  I  was  glad  to  hear  Mr.  French  mention  this.  It  is  more 
economical  to  have  a  unified  and  simplified  system  than  to  have 
one  that  is  complicated. 

Mr.  George  A.  Stacy.*  This  discussion  as  to  high  service  and 
fire  protection  is  certainly  an  important  subject.  When  the 
Marlboro  water  works  were  constructed,  in  1883,  we  had  a  pres- 
sure varying  from  16  to  142  lb.  for  our  domestic  supply  and  for 
fire  purposes.  That  condition  prevailed  for  ten  years.  In  the 
upper  levels  of  the  city,  where  some  of  our  largest  factories  and 
buildings  were,  perhaps  a  third  of  them,  we  had  only  30  lb.  pres- 
sure. Since  the  public  water  supply  was  introduced,  we  have  been 
dependent  upon  hydrant  pressure  entirely  for  fire  protection. 
Previous  to  that  time  we  had  the  old  hand  engines ;  we  have  never 
had  a  steamer.  As  the  factories  grew  in  size,  and  the  buildings 
were  more  numerous  and  larger,  the  insurance  companies  insisted 
that  we  should  either  have  a  steamer  or  improve  the  pressure  on 
the  system.  The  matter  was  taken  up,  and  it  was  finall}'  decided 
to  erect  a  standpipe  with  three  miles  of  separate  mains  to  cover 
the  higher  levels  of  the  city.     That  brought  the  pressure  for  fight- 

*  Superintendent  of  Water  Works,  Marlboro,  Mass. 
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ing  fires  up  to  60  lb.  on  the  higher  levels,  and  we  carried  the  stand- 
pipe  system  to  the  point  where  we  had  50  lb.  pressure  at  the 
hydrants  from  the  reservoir.  The  reservoir  is  of  5|  million  gallons 
capacity. 

Our  high-pressure  system  was  designed  to  deliver  ten  streams 
of  250  gallons  a  minute,  with  a  loss  of  pressure  of  from  8  to  10  lb. 
The  system  was  tested  near  one  of  our  largest  factories,  and  on  a 
four-way  hydrant  we  put  a  pressure  gage  on  one  nozzle,  and  we 
took  three  streams  out  of  the  others,  and  we  took  eleven  streams 
in  all  from  the  system.  When  they  were  all  playing,  the  gage 
showed  a  maximum  loss  of  7|  lb.  We  used  l^-in.  nozzles,  except 
one  which  was  1  j  in. 

In  the  district  covered  by  the  stand-pipe  system,  where  we  had 
30  lb.  pressure  we  now  have  80,  and  that  has  been  sufficient  for  any 
work  that  we  have  had  to  do.  There  is  no  question  but  what  a 
gravity  system  is  the  ideal  system  for  fire  fighting,  if  the  pressure 
is  sufficient;  and  we  feel  to-day  in  Marlboro  that  we  have  a  system 
that  answers  every  requirement. 

There  is  something  which  has  not  been  brought  up  here,  which 
I  know  to  a  certain  extent  affects  the  capacity  of  our  mains,  as 
they  grow  older;  and  that  is  the  filling  up  of  the  mains  by  tubercles. 
We  had  one  4-in.  fine,  about  1  600  ft.  long,  and  a  barn  took  fire 
out  at  the  end  of  it;  they  had  to  lay  about  450  feet  of  hose  The 
initial  pressure  was  65  lb.,  and  the  result  was  that  they  couldn't 
get  a  fire  stream  near  enough  to  that  barn  to  w^et  it.  We  replaced 
this  line  with  6-in.  pipe,  and  I  don't  think  the  4-in.  line  had  a 
capacity  of  a  2-in.  pipe.  I  never  saw  a  pipe  so  filled  up  in  all  my 
experience. 

One  4-in.  line  that  I  replaced  with  a  6-in.  pipe,  I  found  perhaps 
not  over  10  per  cent,  reduced  in  capacity.  I  think  the  amount  of 
tuberculation  will  vary  to  a  certain  extent  in  different  localities 
and  under  different  conditions. 

I  believe,  as  has  been  said  here  to-day,  and  I  have  always 
advocated  it,  that  hydrants  are  a  great  deal  cheaper  than  hose; 
and  those  of  you  who  have  been  in  the  fire  department,  and  have 
had  practical  knowledge  of  the  work,  know  that  you  can  get  two 
streams  on  a  fire  with  250  or  300  ft.  of  hose  as  quickly  as  you  can 
get  one  with  500  ft.,  and  there  will  be  higher  pressure  at  the  nozzles. 
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On  one  of  our  streets  about  700  ft.  long  and  situated  on  one  of 
the  higher  levels,  where  there  is  only  25  lb.  pressure  and  where 
there  are  only  two-story  houses,  well  separated  and  on  one  side 
of  the  street  only,  we  had  150  ft.  of  hose  connected  to  a  hydrant 
at  the  end  of  the  street  and  found  that  there  was  pressure  enough 
to  send  the  water  clean  over  the  building,  the  men  standing  at  a 
place  where  they  would  naturally  stand  if  the  fire  was  pretty  warm. 
When,  however,  we  connected  500  ft.  of  hose,  there  was  not  pres- 
sure enough  for  effective  work.  We  put  in,  therefore,  another 
hydrant  -400  ft.  from  the  first,  and  now  there  is  sufficient  pressure 
and  volume  to  control  any  fire  that  would  naturally  occur  there. 
Wherever  it  is  possible  to  obtain  it  at  a  reasonable  expense,  I 
think  that  the  most  effective  and  most  satisfactory  service  is  from 
a  direct  pressure  gravity  supply;  and  I  believe  that  with  ample 
pipe  capacity,  where  such  service  can  be  obtained  for  a  reasonable 
sum,  you  have  the  ideal  fire  service. 

Mr.  Walter  H.  Richards.*  There  is  just  one  point  I  should 
Uke  to  make,  that  I  think  has  not  been  touched  upon,  —  the 
practical  business  point  of  view.  The  insurance  companies  come 
before  us  and  ask  us  to  make  these  improvements.  Who  pays  for 
them,  who  gets  paid  for  the  improvements,  and  who  receives  the 
benefit?  Is  it  the  people,  or  is  it  the  insurance  companies?  I 
have  never  heard  of  a  case,  when  a  change  has  been  made  of  this 
kind,  where  the  insurance  companies  have  lowered  their  rates. 
It  seems  to  me  it  is  up  to  them  to  do  a  little  something  in  that  line. 
If  the  community  pays  for  these  improvements,  the  community 
should  get  the  benefit  of  them.  If  the  insurance  companies  keep 
right  on  charging  the  same  rate,  the  people  don't  get  any  benefit 
at  all,  but  it  simply  puts  more  money  into  the  pockets  of  the 
insurance  companies.     That  is  all  there  is  to  it. 

The  Manufacturers  Mutual  has  been"  for  years  coming  before 
this  Association  and  suggesting  these  improvements  and  expenses 
in  addition  to  the  regular  expenses  of  the  water-works  system,  but 
there  is  never  any  lowering  of  rates  on  property  of  the  whole  com- 
munity. They  come  as  special  pleaders  for  a  special  benefit  to 
themselves,  and  not  to  the  city  as  a  whole.  Now,  in  all  improve- 
ments of  any  kind,  whether  in  water-works  systems  or  anything 

♦Engineer  and  Superintendent  Water  and  Sewer  Department,  New  London,  Conn. 
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else,  we  always  want  to  know  whether  it  is  going  to  pay,  and  it 
seems  to  me  that  these  requirements  do  not  pay  anybody  but  the 
insurance  companies. 

Mr.  Stacy.  In  regard  to  hose,  we  have  been  fortunate  in  buy- 
ing very  good  hose  from  way  back  in  the  old  time  when  we  used 
leather  hose,  —  and  anybody  who  has  had  to  handle  that  kind 
knows  what  that  means,  —  up  to  the  present.  My  experience  has 
been  that  when  we  have  had  a  large  fire  we  have  had  the  most 
trouble  with  hose,  and  that  happens  largely  for  the  reason  that  the 
old  hose  is  kept  on  the  racks  and  of  course  deteriorates  to  a  certain 
extent  from  age,  whether  it  is  used  or  not.  Now,  it  may  be  that 
the  chief  has  gone  to  the  city  government  and  said,  "  We  want 
some  more  hose."  The  question  is  asked,  "  How  much  hose  have 
you  got?  "  And  he  rephes  that  they  have  so  much.  "  Isn't  that 
enough?  How  much  do  you  ever  use?  "  "  But,"  he  says,  "some 
of  this  hose  is  getting  old."  So  the  committee  of  the  city  govern- 
ment goes  around  and  looks  at  it,  and  it  looks  all  right  to  the  mem- 
bers of  the  committee,  and  it  is  hard  to  make  them  understand, 
although  they  are  honest  enough,  the  necessity  of  getting  any 
more.  We  figured  out  that  a  certain  amount  of  hose  was  needed 
every  year  to  keep  the  supply  up  to  the  standard,  but  we  couldn't 
make  the  powers  that  be  believe  that  always.  Now,  when  there 
is  a  large  fire,  you  pull  down  your  old  hose,  and  just  as  you  get  to 
work,  away  it  goes,  and  you  put  in  another  line,  and  away  that 
goes,  and  then  everybody  is  up  in  arms  and  says  that  the  de- 
partment is  no  good  and  the  whole  system  is  rotten.  But 
we  know  that  the  fire  department  is  not  to  blame.  There  won't 
be  much  trouble  if  the  hose  is  tested,  say,  once  in  every  two  years 
and  the  worthless  hose  thro^\^l  out  and  enough  new  purchased  to 
keep  the  supply  up  to  the  standard.  The  men  who  are  at  the  head 
of  the  thing,  who  really  have  the  authority  to  purchase  hose,  may 
be  honest  in  their  opinion.  They  see  the  hose,  it  looks  all  right, 
and  that  is  enough  for  them.  It  is  just  the  same  as  in  the  case  of 
a  hydrant;  it  looks  all  right,  although  there  may  be  three  f-in. 
pipes  running  into  it.  That  doesn't  make  any  difference.  The 
committee  don't  want  to  spend  any  money  on  it  because  it  looks 
all  right,  and  they  are  honest  enough  in  their  opinion.  A  certain 
per  cent,  of  new  hose  should  be  purchased  every  year,  and  then  it 
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can  be  determined  pretty  close  when  that  hose  is  going  to  give 
out.  ^ 

Mr.  Booth.     I  should  like  to  be  able  to  give  some  assurance  to 
the  gentleman  who  complains  that  he  gets  no  reduction  in  his 
nisurance  rates,  but  the  National  Board  has  no  control  over  that 
matter      There  is  another  side  to  the  question,  of  course,  and  that 
IS  the  benefit  it  is  to  a  merchant  or  manufacturer  to  have  no  fire 
on  his  premises,  or  if  one  occurs  to  have  it  put  out  quickly      The 
way  the  insurance  companies  look  at  it  is  that  it  is  hardly  fair  to 
expect  them  to  pay  for  everything.     I  see  that  Mr.  Stacy  does  not 
agree  to  that. 
Mr.  Stacy.     I  think  there  ought  to  be  at  least  a  fair  division 
Mr.  King.     There  is  one  point  which  Mr..  French  referred  to 
upon  which  I  would  like  to  know  if  he  can  give  us  anv  more  infor- 
mation.    He  spoke  about  the  roughening  up  of  the  inside  of  hose 
Doesn't  that  occur  with  old  hose,  and  isn't  it  in  some  respects 
worse  than  to  have  the  hose  burst,  because  vou  are  expecting  a 
larger  flow  through  the  hose  than  what  you  can  get  because  of  the 
roughness  of  the  inside  and  the  greater  amount  of  friction? 

Mr.  French.     Mr.  President,  ~  v^A-i^i  I  had  reference  to  was 
not  so  much  a  change  in  the  condition  of  the  hose  due  to  age  as  the 
difference  in  smoothness  of  lining,  depending  on  how  the  hose  is 
made.    Possibly  a  word  or  two  may  be  of  interest  in  that  connec- 
tion.    In  making  rubber-lined  hose,   the   cotton  fabric  is  first 
finished,  and  as  that  is  woven,  the  interior,  before  the  rubber 
lining  IS  put  in,  would  be  rough  due  to  the  fact  that  the  yarn  used 
is  rather  large  and  that  there  is  a  space  between  each  strand 
Now,  It  IS  possible  to  back  up  a  rubber  fining  by  a  proper  packing 
ot    soft   j-ubber,    so    that    when    you   put    in    the    final    lining 
the   spaces  between  the  strands   are   filled   up,  and   it  remains 
smooth.    If  this  is  not  done  properly,  if  there  is  a  desire  to  cheapen 
the  hose,  the  filling  up  can  be  omitted  and  the  lining  can  be  simply 
cemented  on  the  inside,  and  when  you  look  through  it  it  may  look 
pretty  smooth.    But  when  a  pressure  is  put  on,  say  of  100  11)    that 
forces  the  rubber  lining,  which,  of  course,  is  very  elastic   into  the 
spaces  between  the  strands  of  the  yarn  and  makes  a  rougli  interior 
In  order  to  determine  the  exact  effect  of  this  action,  this  matter 
was  taken  up  by  Mr.  John  R.  Freeman  some  vears  ago     Hoso  of 
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various  kinds  was  tested  and  it  was  found  that  in  a  good  grade 
of  hose  the  loss  was  alDOut  14  lb.  for  every  100  ft.  of  length  with  a 
standard  stream  flowing.  With  another  grade  of  hose,  which  was 
just  as  easily  bought  and  probably  at  about  the  same  price,  the 
loss  was  25  lb.  in  100  ft.,  nearly  twice  as  much  as  in  the  good  grade. 
In  order  to  show  this  graphically,  short  lengths  of  hose  were  taken, 
a  coupling  put  on  each  end,  and  a  cap  put  on  one  end  and  the  hose 
then  filled  with  plaster  of  Paris. 

Before  the  plaster  hardened  a  cap  was  put  on  the  other  end  and 
the  hose  subjected  to  a  pressure  of  from  80  to  100  lb.,  and  the 
pressure  kept  on  while  the  plaster  was  hardening.  This  forced  the 
lining  into  the  position  that  it  really  is  in  when  the  hose  is  carrying 
water  Then,  after  the  plaster  of  Paris  had  hardened,  the  hose 
was  cut  open  and  the  plaster  cast  removed.  Plate  V  shows  two 
pictures  of  hose  where  this  was  done,  —  Fig.  1,  a  very  rough 
interior,  judging  by  the  plaster  cast,  and  Fig.  2,  a  very  smooth  one. 
Now,  it  is  perfectly  possible  to  get  a  reasonably  smooth  lining 
if  it  is  insisted  upon,  and  it  is  easy  enough  to  test  it,  either  by  this 
method,  which  is  very  easily  applied,  or  possibly  better  by  taking 
several  lengths  of  hose  and  measuring  the  friction  loss  through 
them,  and  thus  showing  the  manufacturer  right  off  whether  or 
not  he  is  giving  you  a  lining  that  is  reasonably  smooth. 

In  answer  to  Mr.  King,  it  is  probable  that  as  hose  gets  older,  the 
linino-  which  may  have  been  fairly  good  in  the  beginnmg,  tends  to 
crack'and  to  get  rough.  I  have  not  heard  that  point  brought  up 
before,  but  I  see  no  reason  why  there  shouldn't  be  some  increase 
in  the  friction  of  hose  due  to  this  cause.  I  imagine,  however,  before 
that  would  get  to  be  very  bad,  before  the  increase  of  friction  would 
be  really  serious,  that  the  hose  under  pressure  would  probably 
give  way  and  leak  so  that  you  might  have  to  throw  it  out. 

While  we  are  on  the  subject  of  hose,  it  is  unfortunate  that  hose 
manufacturers  have  for  fire  department  hose  taken  a  position 
that  for  the  present  prevents  the  adoption  of  the  kind  of  specifica- 
tions which  ought  to  be  adopted.  I  have  no  doubt  that  eventually 
a  broader  view  will  prevail,  and  all  interests  will  get  together  on  the 
question.  We  found  many  years  ago  a  great  deal  of  very  poor 
hose  in  the  mills,  and  specifications  were  made  over  fifteen  years 
ago  for  our  factorv  fire  hose.    These  have  l^een  pretty  well  lived 
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up  to,  and  to-day  we  get  hose  in  which  breaks  are  quite  rare 
Ihere  is  no  trouble  in  making  hose  so  it  will  stand  all  the  pressure 
needed,  and  with  rubber  linings  that  will  be  durable.    And  right 
there  is  one  of  the  most  vital  questions  in  hose  buying      If  the 
rubber  compound  is  made  properly,  and  the  right  am'ount  of  good 
rubber  put  into  it,  the  life  of  the  hose  will  be  from  seven  to  ten 
years  we  will  say,  while  a  hose  a  little  bit  cheaper  in  first  cost  is 
very  likely  to  go  to  pieces  in  three  or  four  years  bv  the  cracking 
up  of  the  rubber  lining.     It  is  immensely  better  ec;nom^^  to  pay 
fifteen  or  twenty  cents,  or  even  more,  per  foot  and  ge"t  a  hose' 
which  .Aall  last  two  or  three  times  as  long,  than  it  is  to  buv  the 
cheaper  hose  and  then  have  to  replace  it  absolutelv  in  two  or  three 
years,  as  well  as  running  the  risk  of  its  bursting,  as  Mr    Stacy 
says,  at  the  time  of  a  fire.     Rubber  analysis  has  got  to  a  point 
where  it  is  possible  to  tell  what  kind  of  rubber  one  is  getting 

It  IS  a  very  good  plan  to  test  all  fire  department  hose  yearly 
under  good  pressure,  -  not  a  pressure  sufficient  to  damage  it  but 
a  pressure  sufl^cient  to  throw  out  the  poor  lengths;  and  this  is 
really  an  advantage  to  the  hose  because  rubber  is  rather  improved 
by  wetting  It  occasionally.  The  fabric  should  be  thorouo-hh- 
dried  after  the  test.  *^    • 

I  ^vas  interested  in  what  Mr.  Richards  said  about  rates  of  in- 
surance, and  I  think  a  word  ought  to  be  said  about  that     I  hap- 
pen to  represent  insurance  interests  where,  being  on  the  mutu-il 
plan,  if  there  is  any  saving  the  assured  get  it,  because  they  get  all 
there  is  left  after  pa3'ing  the  losses.    Now,  it  is  a  fact  that  it  will 
generally  cost  seven  to  ten  times  as  much  to  insure  an  unpro- 
tected plant  as  a  protected  one.    The  owner  does  get  that  benefit 
and,  what  is  more,  the  cost  of  the  protective  equipment,  which 
the  owner  puts  in  at  his  own  expense  and  not  at  the  expense  of 
the  town  or  city,  is  usually  all  recovered  by  the  mere  saving  in 
insurance  cost  in  less  than  five  years.    One  couldn't  get  a  bett(>r 
investment,  because  he  not  only  gets  his  money  back,  but  after  it 
comes  back,  he  saves  money  very  fast  in  insurance  charged-  then 
what  IS  more  important  than  all  that  to  any  prosperous  inanu- 
tacturer,  the  danger  of  burning  up  a  business  when  making  money 
IS  almost  eliminated,  and  most  of  our  American  manufacturers 
are  making  money  one  way  or  the  other  most  of  the  time. 
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I  am  not  acquainted  with  the  general  insurance  business  in 
cities  and  towns,  our  work  being  confined  entirely  to  manufactur- 
ing properties  having  special  protection;  but  I  believe  there  is  not 
the  shghtest  question  but  that  practically,  though  one  may  notbe 
able  to  figure  it  instantly,  in  any  case  when  better  fire  protection 
is  provided  there  is  a  saving  in  insurance  cost.    If  rates  do  not 
immediately  go  down,  they  are  prevented  from  going  up,  because 
in  the  long  run  the  only  way  an  insurance  company  of  any  kind, 
whether  mutual  or  stock,  gets  any  money  is  by  collecting  it  from 
people     There  is  no  inexhaustible  treasure  box  from  which  to  pay 
losses  -the  money  must  be  collected  in  one  way  or  another. 
When  property  is  burnt  up  it  has  to  be  paid  for  by  the  people 
who  live  in  the  community,  but  that  community  is  sometnnes 
spread  over  a  broad  area,  so  that  one  place  helps  another,    ^o  city 
in  this  country  can  say  that  it  is  so  much  better  than  some  other 
that  it  ought  not  to  contribute,  for  while  one  place  may  be  paying 
something  out  to-day,  to-morrow  the  money  may  be  rolhng  back 
to  it     Every  improvement  in  fire  protection  and  water  supply  that 
reduces  fire  loss  is  sure  in  the  long  run  to  mean  a  saving  to  the 

people  of  the  country.  ^    ,,    ^        i  +  +^  Ko 

There  is  another  point  that  Mr.  Knowles  made  that  ought  to  be 
emphasized.    We  meet  it  again  and  again  in  connection  vnih  auto- 
matic sprinklers.    To  have  as  a  basis  of  payment  for  fire  protec- 
tion  when  pa^anent  is  made,  a  certain  price  per  hydrant  or  per 
sprinkler  is  the  best  way  to  discourage  good  fire  protection.    You 
induce  a  town,  when  they  have  to  pay  so  much  per  hydrant   to 
try  to  get  along  with  about  half  the  hydrants  that  they  ought  to 
have.    Now  the  fact  is  that  one  hydrant,  costing  possibly  all  set 
$40  or  $50,  will  last  for  years.    If  that  hydrant  saves  200  or  300  t. 
of  hose  at  approximately  $1  a  foot,  it  saves  a  good  many  times  the 
value  of  the  hose  that  would  have  to  be  used.     Moreover  hose, 
even  the  best  quality,  will  have  to  be  renewed  every  seven  to  ten 
years,  while  the  hydrant  will  last  indefinitely.     You  can  easily 
make  figures  which  will  show  that  you  can  save  more  money  by 
putting  in  hydrants  for  the  fire  department  than  in  any  other  way, 
when  it  means  a  real  saving  in  the  amount  of  hose  that  has  to  be 
carried.    Charging  by  hydrant  or  by  sprinkler  is  a  ^^^^^ct  discour- 
agement of  putting  in  kll  you  ought  to  have,  and  really  the  only 
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proper  Ijasis,  as  Mr.  Knowles  has  intimated,  is  to  charge  for  what 
is  really  given,  that  is,  for  the  amount  of  fire  protection  that  is 
available.  It  is  hard,  however,  to  measure  that,  ^^'e  luid  a  com- 
mittee of  the  New  England  Water  Works  Association  some  years 
ago,  and  I  happened  to  be  a  member  of  it,  that  tried  to  get  up 
some  method  of  doing  this,  but  did  not  succeed  in  getting  anything 
which  was  workable.  But  there  must  be  some  way  which  can  be 
developed,  which  ^^^ll  be  broader  and  better  than  the  old  way, 
and  which  will  bring  a  proper  return,  when  a  charge  is  a  proper  one 
to  make,  but  still  will  not  discourage  the  very  thing  that  is  de- 
sirable to  encourage. 

Somebody  mentioned  a  trouble  we  are  meeting  a  good  deal,  and 
that  is  an  apparent  carelessness  in  pipe  lajnng,  which  results  in 
getting  stones  or  gravel  in  the  pipes.  We  have  had  some  cases 
where  on  the  opening  of  a  number  of  automatic  sprinklers  in  a 
rather  severe  fire  the  extra  rush  of  water  swept  along  a  lot  of  rub- 
bish, which  e\'idently  had  collected  in  the  pipe,  probably  getting 
in  at  the  time  when  the  pipe  was  being  laid,  and  obstructed  a 
number  of  sprinklers.  I  have  seen  repeatedly  in  mill  yards,  where 
we  were  testing  the  hydrant  system,  one  after  another,  H-in. 
nozzle,  plugged  with  stones,  and  the  men  would  have  to  shut  off 
the  line,  unscrew  the  nozzle,  and  take  the  stones  out,  and  some- 
times it  was  necessary  to  knock  them  out,  they  would  be  wedged 
in  so  hard.  That  is  a  thing  which  in  some  cases  has  given  us  a 
good  deal  of  concern. 

Mr.  King  brought  up  the  question  of  valve  inspection  which  is 
a  very  important  matter.  In  our  factory  properties,  which  are  all 
equipped  with  automatic  sprinklers,  there  are  many  hundreds  of 
valves,  because  each  riser  has  to  have  a  valve,  and  very  often, 
especially  in  the  older  plants,  there  is  a  valve  at  each  floor.  Our 
inspectors  find  a  good  many  valves  closed,  and  where  so  much 
depends  on  the  automatic  sprinklers  we  have  found  it  necessary 
to  take  this  matter  up  specially.  In  spite  of  the  fact  that  this 
point  is  being  watched  with  the  very  greatest  care,  and  that  those 
plants  are  under  the  supervision  of  men  of  a  good  deal  of  ability, 
we  find  every  month  that  it  takes  two  or  three  sheets  to  merely 
li.st  the  closed  valves  found  in  factories  in  the  United  States  and 
Canada,  and  give  a  brief  account  of  the  cause  of  each  one.     It  is 
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usually  the  case  that  the  valve  was  shut  for  something  and  for- 
gotten. We  have  made  the  suggestion,  and  many  of  the  mills 
have  agreed  to  it,  that  the  mill  should  have  a  man,  very  often  the 
master  mechanic,  or  some  man  under  him,  generally  a  member  of 
the  factory  fire  brigade,  go  around  at  least  once  a  week  and  try  every 
valve  on  the  plant.  We  have  gotten  up  a  simple  form  that  gives 
a  place  for  each  valve,  and  we  advise  the  mill  owners  to  tag  each 
valve,  either  with  a  brass  tag  with  a  number,  or  sometimes  a 
number  painted  on  the  valve.  Then  a  man  takes  the  list  and  goes 
to  each  valve,  and  as  he  notes  its  condition  he  checks  it  up  on  this 
list  as  ''  open,"  "  shut,"  or  in  whatever  condition  it  is  in.  In 
some  of  the  larger  plants,  where  the  owners  are  very  exact  about 
the  thing,  they  have  arranged  a  sj^stem  of  punching,  and  a  man 
punches  a  tag  attached  to  the  valve,  showing  the  condition  he 
finds  it  in,  and  the  dates,  and  then  after  awhile  those  cards  go  to 
the  manager.  This  makes  it  necessary  for  the  man  to  go  to  the 
valve  to  make  his  record,  but  is  too  elaborate,  except  for  some  of 
the  very  large  plants. 

As  we  test  the  water  in  the  factory  yards  once  a  year,  we  find 
every  summer  a  number  of  valves  in  city  connections  or  in  city 
streets  closed.  We  find  them  in  this  way:  Our  men  are  instructed 
never  to  touch  or  to  do  anything  with  the  public  valves  without 
first  taking  the  matter  up  with  the  water-works  superintendent, 
so  that  they  can  work  absolutely  together;  but  we  can  go  into 
the  factory  yard,  and  first  notifying  the  water  department,  when 
they  ask  it,  and  open  up  several  streams.  We  may  have  found 
last  year  that  four  streams  drew  the  pressure,  we  will  say,  from 
80  lb.  to  60  lb.,  and  this  year  four  streams  draw  it  from  80  lb.  to 
40  lb.,  which  shows  right  off  that  there  is  something  wrong.  Then 
the  matter  is  looked  up,  and  again  and  again  a  street  valve  will  be 
found  partly  or  entirely  closed. 

We  had  a  very  glaring  case  of  that  in  one  of  our  plants,  where 
there  were  several  connections  into  the  mill  yard.  It  was  a  plant 
which  needed  automatic  sprinklers  very  much,  being  a  rather 
hazardous  sort  of  old  construction.  Our  man  in  testing  got  very 
little  water,  and  in  looking  up  the  matter  found  that  there  was  an 
obstruction  in  one  of  the  connections.  That  was  removed  and  it 
was  supposed  that  everything  was  all  right,  l)ut  the  mill  manager, 
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not  being  satisfied,  tried  another  test  and  got  unsatisfactory 
results.  An  investigation  showed  that  the  trouble  was  due  to  the 
fact  that  two  connections  came  into  the  yard  fed  by  one  branch 
from  the  city  main.  In  that  branch  was  a  closed  valve,  which 
had  been  closed,  apparently,  for  some  work  on  the  street,  though 
this  was  in  one  of  the  well-managed  water-works  systems.  Now, 
that  mill  for  several  weeks  between  the  visits  of  our  inspectors 
had  a  water  supply  on  its  automatic  sprinkler  system  sufficient 
for  only  a  few  sprinklers,  when  it  really  was  a  plant  which  needed 
a  most  ample  supply.  This  does  show  the  need,  which  Mr.  King 
brings  up,  of  looking  out  for  valves  in  city  streets,  just  as  much  as 
watching  the  factory  equipment ;  and  I  do  not  see  any  reason  why 
it  would  not  be  possible  to  get  up  a  blank  on  which,  possibly,  "the 
valves  would  be  numbered,  in  accordance  with  a  map  in  the 
superintendent's  office,  and  perhaps  the  different  sections  of  the 
city  divided,  and  then  once  or  twice  a  year,  or  as  often  as  neces- 
sary, have  a  man  go  around  and  try  the  valves  and  check  them  up. 
If  they  are  numbered  or  located  in  some  way  he  is  not  so  likely  to 
miss  a  valve  as  if  he  is  merely  told  to  go  out  and  try  all  the  valves. 
You  don't  know  whether  he  tries  them  all  or  not,  —  he  himself 
really  doesn't  know,  although  he  may  think  he  does,  —  but  if  the 
work  is  laid  out  in  some  systematic  way,  there  will  be  much  less 
chance  of  missing  a  valve.  I  think  that  could  be  done  with  the 
very  greatest  advantage. 

Just  one  point  more  with  regard  to  hose  couplings.  I  happened 
to  be  in  Fryeburg,  Me.,  once  when  a  part  of  the  village  burned, 
and  the  fire  was  a  thrilling  sight  as  it  went  almost  unchecked  along 
the  beautiful  village  street.  A  steamer  came  by  train  from  Port- 
land, fifty  miles,  and  when  it  arrived,  several  hours  after  the  fire 
had  started,  there  was  the  greatest  cheering  and  encouragement. 
The  Portland  firemen  rushed  into  the  town,  pulled  their  hose 
wagon  along  and  laid  out  several  lines,  and  everybody  thought 
that  now  the  fire  was  going  to  be  extinguished.  The  steamer  went 
to  hydrant,  but  it  couldn't  connect.  I  can  see  the  picture  to-day 
of  that  steamer  standing  there  in  the  village  street,  with  all  its 
polished  metal  work,  and  the  hydrant  there,  but  no  means  of  get- 
ting the  two  together,  and  the  tire  going  on  and  on  until  it  finally 
was  checked  l)y  the  feel)le  means  that  the  town  departminit  luul. 
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While  that  isn't  half  as  much  a  story  as  the  story  of  the  Baltimore 
fire,  yet,  having  seen  it,  it  makes  a  much  more  graphic  picture  for 
me;  and  the  idea  that  in  this  age  neighboring  communities,  which 
would  like  to  help  each  other,  are  prevented  from  getting  together 
by  the  fact  that  a  few  screw  threads  won't  fit,  seems  perfectly 
ridiculous. 

Mr.  Coggeshall.*  Mr.  President,  I  haven't  any  doubt  but 
what  very  full  instructions  are  given  to  all  the  mill  people,  as  Mr. 
French  says,  and  that  they  have  a  fine  plan,  with  everything  set 
out  on  it,  but,  nevertheless,  we  occasionally  have  a  telephone  call 
to  the  office  asking  where  such-and-such  a  gate  is,  or  what  such- 
and-such  a  gate  controls,  so  I  think  there  is  still  a  chance  for  a 
little  more  missionary  work  in  that  line. 

Mr.  French.  There  is  no  doubt  about  that,  but  still  a  good 
deal  is  being  accomplished,  Mr.  Coggeshall. 

Mr.  Geo.  W.  Booth  {by  letter).  The  attached  forms  were 
adopted  by  the  New  York  Department  of  Water  Supply  for  use 
on  the  separate  fire  main  system,  after  a  study  of  the  forms  in  use 
in  various  cities;  these  forms  have  proved  very  satisfactory  and  it 
is  planned  to  extend  their  use  to  the  domestic  system  as  soon  as 
clerical  provision  is  made  to  take  care  of  it,  but  as  this  means 
25  000  or  30  000  of  both  valves  and  hydrants,  it  is  something  of  a 
task  to  prepare  for  it. 

I  have  asked  for  suggested  changes  to  these  forms,  both  from 
some  of  our  National  Board  engineers  and  from  the  engineers  who 
have  used  them,  the  only  suggestion  being  a  widening  of  some  of 
the  columns  on  the  "  Valve  Record  "  sheet. 

Each  valve  and  each  hydrant  should  have  a  number,  and  these 
numbers  and  the  general  location  of  the  valve  should  be  shown  on 
key  maps.  The  detailed  locations  may  be  shown  either  by  sketches 
on  small  sheets,  with  ties  to  fixed  objects,  or  in  tabular  form,  with 
reference  distances  either  to  curb  lines  or  to  street  lines.  It  is 
believed  that  the  latter  method  is  preferable  where  curb  or  prop- 
erty lines  are  well  defined. 

The  "  Field  Report  "  sheet  is  to  be  turned  in  each  day  by  the 
foreman  in  charge  of  each  gang,  and  to  show  a  complete  record  of 
operations  of  any  kind.     A  "  Valve  Record  "  sheet  is  provided 

*  Superintendent  of  Water  Works,  New  Bedford,  Mass. 
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for  each  valve  in  service  and  is  kept  in  the  office  and  filled  out  up 
to  date  from  the  field  reports  turned  in  by  the  foreman. 

It  may  be  that  local  conditions  will  call  for  some  changes  in  the 
form,  but  the  general  idea  appears  to  be  satisfactory. 
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Special  Meeting. 

Hotel  Kimball, 
Springfield,  Mass.,  April  12,  1911. 

Mr.  Allen  Hazen,  President,  in  the  chair. 

The  following  members  and  guests  were  present: 

Members. 

S.  A.  Agnew,  G.  W.  Batchelder,  J.  F.  Bigelow,  C.  A.  Bogardus,  I.  W.  Brooks, 
Edmund  Brown,  G.  A.  P.  Buckman,  T.  J.  Carmody,  R.  C.  P.  Coggeshall, 
M.  F.  Collins,  H.  R.  Cooper,  F.  H.  Crandall,  G.  E.  Crowell,  J.  A.  Fitch, 
E.  V.  French,  Albert  S.  Glover,  R.  K.  Hale,  F.  E.  Hall,  C.  N.  Harrub,  A.  R. 
Hathaway,  Allen  Hazen,  F.  T.  Kemble,  Willard  Kent,  A.  C.  King,  G.  A. 
King,  H.  M.  King,  J.  J.  Kirkpatrick,  Morris  Knowles,  E.  E.  Lochridge,  Daniel 
MacDonald,  S.  H.  McKenzie,  W.  A.  McKenzie,  Hugh  McLean,  A.  E.  Martin, 
W.  E.  Maybury,  G.  F.  Merrill,  H.  A.  Miller,  O.  E.  Parks,  E.  M.  Peck,  A.  E. 
Pickup,  W.  H.  Richards,  Henry  Roberts,  H.  W.  Sanderson,  J.  E.  Sheldon, 
A.  F.  Sickman,  G.  A.  Stacy,  L.  A.  Taylor,  J.  L.  Tighe,  J.  H.  Walsh,  F.  N. 
Northrop.  —  50. 

Associates. 

Anderson  Coupling  Company,  by  Charles  E.  Pratt;  Chadwick-Boston  Lead 
Company,  by  A.  H.  Brodrick;  Chapman  Valve  Manufacturing  Company,  by 
H.  L.  DeWolf,  V.  N.  Bengle,  H.  D.  Storrs,  Robert  Shirley;  Darling  Pump 
and  Manufacturing  Company,  by  H.  H.  Davis;  Hersey  Manufacturing 
Company,  by  Albert  S.  Glover;  Henry  R.  Worthington,  by  Samuel  Harrison; 
Fred  A.  Houdlette  &  Son,  Inc.,  by  M.  S.  Kahurl;  Lead  Lined  Iron  Pipe  Com- 
pany, by  T.  E.  Dwyer;  Ludlow  Valve  Manufacturing  Company,  Arthur  R. 
Taylor;  Charles  Millar  &  Son  Company,  C.  F.  Glavin;  National  Meter 
Company,  by  J.  G.  Lufkin;  Neptune  Meter  Company,  by  H.  H.  Kinsey; 
Pittsburg  Meter  Company,  by  F.  N.  Northrop;  A.  P.  Smith  Manufacturing 
Company,  by  F.  N.  Whit  comb;  Thomson  Meter  Company,  by  E.  M.  Shedd; 
Union  Water  Meter  Company,  by  F.  E.  Hall.  —  19. 

Guests. 

James  P.  Steele,  C.  A.  Cooke,  Marlboro,  Mass.;  E.  C.  Colters,  S.  A.  Allen, 
and  John  L.  Hyde,  We.sttield,  Mass.;  C.  L.  McNeil,  Torrington,  Conn.;T.  J. 
Lynch,  T.  J.  McCarthy,  Hon.  John  J.  White,  mayor,  of  Holyoke,   Mass.; 
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H.  E.  Bodurtha,  Agawam,  Mass.;  T.  A.  Collins,  Boston,  Mass.;  Wm.  J. 
Trevithick,  Middletown,  Conn.;  C.  A.  Goodhue,  Thompsonville,  Conn.; 
Edward  H.  Lathrop,  mayor  of  Springfield,  Wm.  H.  Daggett,  C.  M.  Water- 
bury,  A.  L.  Fletcher,  H.  M.  Lee,  C.  A.  Crocker,  S.  L.  Haynes,  I.  B.  Hinkley, 
Thomas  Greeley,  Frank  L.  Worthy,  Springfield,  Mass.;  C.  M.  Woodward, 
W.  H.  Sanburn,  West  Springfield,  Mass.;  G.  W.  Booth,  F.  M.  Griswold,  New 
York  City;  C.  C.  Dyer,  Wm.  F.  Aiken,  Thomas  L.  Lawler,  Greenfield,  Mass.; 
Dr.  P.  L.  Brown,  G.  F.  Farmer,  and  James  J.  Fitzgerald,  Springfield,  Mass. 
—  33. 


The  President.  Gentlemen,  all  things  come  to  Springfield 
sooner  or  later.  A  few  weeks  ago,  when  some  of  the  Tech  Alumni 
of  Springfield  got  together  and  offered  a  site  for  the  Massachusetts 
Institute  of  Technology,  if  it  would  come  to  Springfield,  because 
there  appeared  to  be  great  difficulty  in  getting  a  suital^le  site  in 
Boston,  I  remember  seeing  a  cartoon  in  the  Boston  Globe  represent- 
ing Springfield  as  trying  to  puU  awa}^  the  Institute  of  Technology 
and  Boston  trying  to  fasten  do\Mi  Bunker  Hill  INIonumcnt  and 
Faneuil  Hall  so  that  those  could  not  be  taken.  When  our  Spring- 
field friends  asked  the  New  England  Water  Works  Association 
to  come  here,  however,  I  don't  think  any  of  us  wanted  to  nail  the 
Association  down  to  Boston,  we  were  all  glad  to  come.  I  have 
the  pleasure  now  of  introducing  to  you  Mayor  Lathrop. 

Mayor  Lathrop.  This  introduction  has  been  a  little  l)it 
sudden.  I  was  lying  back  luxuriating  in  the  expectation  of  hearing 
a  formal  speech,  out  of  which  I  could  acquire  at  least  a  bit  of 
watery  education.  I  didn't  suppose  that  your  friend,  the  President, 
was  to  terminate  his  address  so  quickly.  I  never  apologize  for 
being  present  most  anywhere.  But  let  me  tell  you  in  confidence 
that  my  being  here  is  a  sort  of  conspiracy  between  my  engineer 
and  my  associate  water  commissioners,  who  know  something, 
and  inasmuch  as  they,  in  the  various  performances  of  our  municipal 
functions,  help  me  over  places  wliere  I  need  assistance,  there  is 
no  reason  in  the  world  Avhy  I  shouldn't  obey  their  summons 
whenever  and  wherever  it  comes.  These  public  functions  that 
are  incident  to  the  oflSce  of  mayor  are  not  generalh'  observed  in  the 
daytime.  Most  always  our  pul)lic  functions  are  nocturnal,  and  in 
a  measure  it  is  safer  than  when  we  perform  them  in  the  daylight; 
but  inasmuch  as  water  is  the  pervasive  element  in  your  profession. 
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as  also  the  dominating  liquid  of  the  feavst,  I  find  that  this  occasion 
is  absolutely  safe. 

There  is  no  occasion  for  extending  a  formal  welcome  to  you 
gentlemen  here.  Before  coming  I  was  a  little  bit  doubtful  as 
to  any  peculiar  capacity  I  might  have  in  the  line  of  extending  a 
welcome  to  you  in  a  proper  way,  and  I  have  not  been  able  to  get 
any  special  inspiration  in  the  way  of  information  with  reference 
to  your  professional  accomplishments  or  really  as  to  the  scope  of 
your  endeavors  and  the  definite  results  that  you  are  illustrating 
so  vividly  and  so  practically  throughout  the  municipalities  not 
only  of  the  Commonwealth  but  of  the  country.  We  have  been 
suffering  from  hard  lines  within  the  last  two  years,  and  I  don't 
know  but  it  is  attributable  to  the  fact  that  you  people  didn't 
come  here  earlier.  We  haven't  had  water  enough,  until  within 
the  last  few  months,  notwithstanding  that  we  have  been  in  the 
habit  of  making  pretty  large  municipal  boasts  with  reference  to 
our  accomplishments  and  our  quantities  in  the  way  of  a  water 
supply.  Now,  however,  by  reason  of  a  fortunate  combination, 
perhaps,  of  the  elements,  we  are  getting  to  a  position  where  our 
engineer  can  with  propriety  boast  of  the  capacity  of  the  reservoir 
and  assure  an  anxious  people  that  there  will  be  water  enough  — 
except  that  we  can't  let  our  neighboring  mmiicipalities  have  any. 

You  know  that  we  have  a  number  of  suburban  neighbors  who 
have  a  habit  of  clamoring  quite  largely  and  vociferously  Avhen 
they  want  anything  badly.  They  have  got  the  most  peculiar  habit 
of  hollering  for  water,  instead  of  the  other  thing,  and  we  have 
got  in  the  way  of  being  a  little  careless  when  that  demand  comes 
at  our  backdoors.  So  we  sit  by  in  a  sort  of  self-congratulatory 
condition  that  we  can  inmidate  ourselves  when  we  desire  it,  and 
if  we  are  a  bit  malicious  in  our  enjoyment,  we  can  say,  "  Good 
people,  why  dichi't  you  get  into  gear  earlier?  That  is  what  we 
did,  and  now  you  see  what  our  results  are."  We  can  say  to  them, 
"  If  you  suffer  for  water  now,  just  think  what  the  ultimate  con- 
sequences may  be,  when  you  enter  upon  a  more  extended 
existence." 

However,  levity  aside,  gentlemen,  this  is  not  my  opportunity, 
nor  is  it  my  intention  to  occupy  much  of  your  time.  I  think  I 
interpret  most  correctly  and   thoroughly  the  sentiment  of    the 
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people  of  this  municipality  in  saying  to  you  that  not  only  is  the 
city  pleased  at  your  attendance  here,  but  that  Ave  have  a  sort  of 
a  grateful  feeling  that  runs  towards  a  bit  of  benediction  that  your 
coming  here  is  a  sort  of  an  assurance  that  whenever  we  need  help, 
if  we  want  water,  we  shall  know  where  our  ultimate  resort  is.  We 
have  superintendents,  engineers,  and  commissioners.  Some  of 
the  commissioners  don't  know  much,  —  I  am  one  of  them,  — 
but  I  am  buttressed  so  well  by  my  associates  that  I  am  at  least  a 
little  bit  entitled  to  brag  on  such  an  occasion  as  this  for  their 
benefit.  So  I  say  that  when  we  ever  get  in  extremis,  we  shall 
know  the  sources  of  resort  when  we  want  our  relief,  because  if 
our  own  instrumentalities  fail  we  can  reach  out  to  you  and  say 
"  For  the  Lord's  sake  come  and  help  us  and  keep  us  out  of  the 
condition  that  Long  ^Meadow  and  West  Springfield  are  already 
in."  Now,  let  me  say  to  you,  gentlemen,  notwithstanchng  that 
this  is  a  daylight  excursion,  which  is  a  little  bit  unnatural,  es- 
pecially when  we  eat  and  drink,  I,  in  the  name  of  the  nmnici]:)ality, 
])ring  you  the  largest  possible  and  the  warmest  welcome. 
[Applause.] 

The  President.  We  thank  you,  Air.  Mayor,  and  it  gives  me 
special  pleasure  to  hear  you  speak  about  some  things  that  I  have 
been  saying  to  you  in  regard  to  selling  water.  You  see,  gentle- 
men, I  have  been  telling  the  mayor  that  he  now,  having  a  good 
water  supply  and  plenty  of  it,  might  fairly  divide  with  some 
of  his  neighbors  who  need  it,  the  only  proviso  being  that  he  shall 
get  good  value  for  everything  that  he  sells.  He  has  been  a  little 
worried  for  fear  that  he  might  sell  too  much  of  it,  but  I  have 
told  him  not  to  worry  about  that,  but  to  go  ahead  and  sell  all  he 
can. 

The  Mayor.    Whether  we  can  deliver  it  or  not? 

The  President.  That  is  just  the  point,  for  some  of  us  here 
know  how  to  build  works,  and  we  can  build  him  all  the  works  that 
he  needs,  so  that  he  can  sell  all  the  water  he  wants  to. 

The  subject  of  our  meeting  to-day  is  fire  protection,  and  that 
brings  to  mind  that  some  years  ago,  when  the  new  water  supply 
for  Springfield  was  being  talked  about,  there  were  two  fires  here 
ha]ipening  very  close  together,  one  the  City  Hall  and  the  other 
the  church  on  the  hill,  in  which  two  lives  were  lost;    and  those 
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fires  had  a  good  deal  to  do  with  pushmg  forward  the  adoption  of 
a  new  source  of  supply  which  has  since  been  constructed.  Spring- 
field has  been  growing  rapidly  and  is  being  built  well.  If  every 
one  would  build  as  good  buildings  as  this  hotel,  which  I  have 
seen  to-day  for  the  first  time,  there  woulchi't  be  as  much  need  for 
large  quantities  of  water  for  fire  protection  as  there  now  is.  The 
day  is  coming  when  substantial  construction  of  this  kind  will 
take  the  place  very  largely  in  our  cities  of  the  more  flimsy  and 
inflammable  construction  of  the  past,  and  the  fire  protection 
requirements  in  the  future  I  look  forward  confidently  to  as  being 
on  a  very  different  basis  from  those  of  the  present  time.  But  at 
the  present  time  we  have  our  cities  built  up  as  they  are,  and 
urgently  need  more  adequate  fire  protection  against  the  dreadful 
disasters  of  which  we  have  too  many  examples.  We  are  favored 
to-day  in  having  with  us  Mr.  French,  a  man  who  has  had  a  great 
deal  to  do  with  the  development  of  the  insurance  end  of  this  work; 
and  one  of  the  most  impressive  facts  of  that  work  is  that  the 
insurance  people  have  learned  how  to  prevent  fires.  It  seems  to 
me  that  their  work  in  preventing  fires  has  come  to  be,  perhaps, 
from  the  standpoint  of  the  community,  much  more  important 
than  what  was,  I  suppose,  the  original  idea  of  compensating 
people  for  loss  by  fire. 

Mr.  E.  V.  French,  vice-president  and  engineer  of  the  Arkwright 
Mutual  Fire  Insurance  Company,  of  Boston,  then  presented  a 
paper  on  "  Desirable  Pressure  at  Hydrants."  He  was  followed 
by  Mr.  George  W.  Booth,  who  is  connected  with  the  National 
Board  of  Fire  Under\^Titers.  Mr.  F.  M.  Griswold  spoke  about  the 
National  Standard  Hose  Coupling.  Mr.  R.  C.  P.  Coggeshall  read 
an  extract  from  a  letter  from  his  son,  who  is  located  in  business 
in  Yokohama,  Japan,  giving  a  description  of  a  fire  there  and  the 
way  it  was  handled  by  the  Japanese  fire  department.  Among 
others  who  spoke  were  Messrs.  George  A.  King,  Morris  Knowles, 
Walter  H.  Richards,  and  George  A.  Stacy. 

The  Secretary  presented  application  for  membership,  duly 
recommended  and  endorsed,  ftom  George  W.  Booth,  East  Orange 
N.  J.,  with  National  Board  of  Fire  Underwriters,  New  York  City; 
Thomas  Fleming,  Jr.,  Pittsburg,  Pa.,  hydraulic  and  sanitary 
engineer,  Pennsylvania  State  Department  of  Health;    Joseph  H. 
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White,  Birmingham,  Ala.,  Construction  Department,  Tennessee 
Coal,  Iron  and  Railroad  Company;  Thomas  J.  Lynch,  Holyoke, 
Mass.,  treasurer  Holyoke  Water  Board;  F.  AI.  Heermami, 
Dorchester,  ]\Iass.,  engineer  and  special  inspector  for  the  Asso- 
ciated Factory  Mutual  Fire  Insurance  Companies;  Henry  Pike 
Letton,  Lincoln,  Neb.,  civil  engineer,  at  present  taking  special 
graduate  work  in  sanitary  engineering  at  ^Massachusetts  Institute 
of  Technology;  Alton  D.  Adams,  Worcester,  Mass.,  constructor 
of  electric  plants  and  appraiser  of  water  powers. 

On  motion  of  Mr.  A.  E.  Martin,  the  Secretary  was  directed  to 
cast  one  ballot  in  favor  of  the  admission  of  the  applicants,  and, 
he  having  done  so,  they  were  declared  duly  elected  members  of 
the  Association. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  Hotel  Kimball,  Springfield,  Mass.,  at  twelve 
o'clock,   Wednesday,   April   12,    1911. 

President:  President  Allen  Hazen,  and  members  Michael  F. 
Collins,  Morris  Knowles,  William  E.  Maybury,  John  J.  Kirk- 
patrick,  Richard  K.  Hale,  and  Willard  Kent. 

Several  applications  were  received  and  recommended  for  ad- 
mission, namely:  For  membership,  Alton  D.  Adams,  lawyer  and 
consulting  engineer,  Worcester,  Mass. ;  Harry  P.  Letton,  sanitary 
engineer,  Lincoln,  Neb.;  F.  M.  Heermami,  engineer  and  special 
inspector,  Associated  Factory  Mutual  Fire  Insurance  Companies, 
Boston,  Mass.;  Thomas  J.  Lynch,  treasurer  Holyoke  Water 
Works,  Holyoke,  Mass. ;  Thomas  Fleming,  Jr.,  consulting  engineer, 
Pittsburg,  Pa.;  George  W.  Booth,  chief  engineer.  Committee 
on  Fire  Protection,  National  Board  of  Fire  Underwriters,  New 
York  City;  Joseph  H.  White,  Construction  Department, 
Tennessee  Coal,  Iron  and  Railroad  Company,  Birmingham,  Ala. 

Voted:  That  the  Secretary  be  and  hereby  is  authorized  to 
dispose  of  copies  of  papers  to  members,  at  his  discretion,  at  fifty 
per  cent,  discount  from  the  established  price. 

Voted:  On  motion  of  Mr.  Hale,  that  the  Pittsburg  Metal 
Products  Company  be  authorized  to  reprint  Mr.  Kuichling's 
paper  on  "  Steel  Pipe  for  Water  AVorks.  "  on  giving  proper  credit 
to  the  New  England  Water  Works  Association. 

Adjourned. 

Willard  Kent.  Secretary. 


New  Hnu'land  Water  Works  Assoeiation, 


ORGANIZED    ISS2. 


Vol.  XXV.  September,  1911.  No.  3. 

This  Association,  as  n  liodi/,  is  not  respoihiildefor  the  stafrmrnfsor  oiiiiiions  o/'ani/  />/  i/.t 

tnenil)cvs. 


THE  PROPOSED  ATLANTIC  INTRA-COASTAL 
WATERWAYS. 

BY   EDWARD    PARRISH,    C.E.,  NEWPORT,    R.  I. 

[Read  Marcii  S,  1011.] 

At  the  Norfolk  Convention  of  the  Atlantic  Deeper  Waterway 
Association  last  fall,  President  Taft  said  that  Speaker  Cannon  of 
the  House  of  Representatives  "  could  not  see  the  use  of  buildhig 
a  canal  within  a  biscuit's  throw  of  the  ocean."  He  then  added 
that  the  reason  was  because  lie  was  from  Illinois,  and  he  thought 
that  if  he  had  him  on  the  Mayflower  off  the  mouth  of  Chesapeake 
Bay,  with  a  good  southeaster  blowing  up  from  Hatteras,  and 
could  then  run  him  up  to  the  mouth  of  the  Potomac,  he  would 
appreciate  the  difference  between*  the  open  ocean  and  a  protected 
waterwa3^ 

Therein  is  clearh'  indicated  an  important  reason  for  an  intra- 
coastal  canal,  and  I  shall  endeavor  to  enlarge  somewhat  upon  it, 
and  present  for  your  consideration  a  few  others. 

It  seems  hardly  necessary  at  this  time  to  undertake  any  elabo- 
rate demonstration  of  the  difference  in  cost,  under  conditions  of 
fair  competition,  between  rail  and  water  transportation.  I  think 
the  great  economy  of  the  latter  form,  where  it  can  be  secured,  is 
generally  conceded.  A  short  time  ago  I  was  impressed  by  the 
sight  of  a  train  of  cars,  50  in  number,  probably  averaging  20  tons; 
each  (there  were  none  of  the  large  40-  or  50-ton  cars  in  the  train),, 
carrying  coal  u])  the  valley  of  the  Pawtucket  River,  1  000  tons 
being  liaulcd  by  two  locomotives.     This  load  w:is  one  IJiinl  of  the 
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cargo  of  a  single  barge,  which  was  one  of  three  brought  into  Provi- 
dence Harbor  by  a  single  tug. 

The  matter  of  water  transportation  has  been  highly  developed 
in  the  ore-carrying  trade  on  the  Great  Lakes,  representing,  with 
the  coal-carrying  trade  on  the  Mississippi  and  Ohio,  phenomenally 
low  cost  per  ton-mile,  amounting  in  the  former  to  about  .69  mills 
and  in  the  latter  to  .376  mills. 

These  rates  are  largely  due  to  the  peculiar  circumstances  of  the 
trade  to  which  they  apply,  and  can  hardly  be  regarded  as  fair 
indices  of  what  might  be  expected  under  usual  commercial  condi- 
tions existing  along  the  Atlantic  coast;  but  they  both  are  evidences 
of  the  results  that  can  be  accomplished  by  an  intelligent  adapta- 
tion of  all  available  means  to  a  vspecific  end.  In  the  case  of  the 
ore-carrying  on  the  Lakes,  there  was  available  a  certain  depth  of 
water,  and  the  vessels  were  built  for  it  and  in  such  a  manner  that 
the  cargo  could  be  both  loaded  and  unloaded  with  a  minimum 
delay ;  the  terminals  were  designed  with  the  same  end  in  view  and 
supplied  with  the  most  modern  machines  for  handling  the  cargo  — 
and  in  passing  I  might  add  that  it  is  the  exception  rather  than  the 
rule  to  find  any  mechanical  devices  at  our  water  terminals  in  other 
localities. 

The  low  coal  rates  on  the  Mississippi  and  the  Ohio  rivers  are 
largely  due  to  the  very  cheap  type  of  barges  used,  which  are  taken 
down  with  the  current  in  charge  of  a  tow-boat,  the  chief  function 
of  which  is  to  guide  the  tow  rather  than  to  furnish  the  motive 
power  for  hauling  the  load. 

It  has  not  been  my  good  fortune  to  have  seen  an  analysis  of 
these  very  low  freight  costs,  but  they  doubtless  contain  the  elements 
of  interest  on  investment,  insurance,  maintenance,  and  adminis- 
tration expenses ;  but  probably,  as  the  lines  are  owned  by  the  great 
steel  corporation  using  the  ore,  they  are  free  from  that  iniquitous 
basis  of  charge  of  "  what  the  traffic  will  bear,"  and  may  reason- 
ably represent  a  fair  cost  of  the  service. 

Let  me  invite  your  attention  for  a  moment  to  this  matter  of 
freight  rates,  which  is  one  of  such  prime  importance  to  the  indus- 
trial life  of  New  England,  where  practically  every  item  of  raw 
material  and  every  pound  of  finished  product  pays  tribute  to  the 
great   transportation    companies   handling    them   for   you.     The 
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admirable  report  of  the  Fuel  Coiuiuittee  of  the  Boston  Chamber 
of  Commerce  states  that  New  England  paid  approximately 
$100  000  000  for  the  single  item  of  coal  during  the  calendar  3'ear 
of  1908,  the  value  of  which  at  the  mines  was  about  $30  000  000, 
leaving  a  charge  of  $70  000  000  for  its  distribution.  Is  not  this  a 
sum  the  proper  disbursement  ot  which  is  worthy  of  the  most 
careful  consideration  and  demands  an  intelligent  investigation 
of  any  means  which  can  reasonably  promise  a  reduction  of  the 
enormous  outlay?  Let  us  see  for  a  moment  how  the  principal  of 
charging  what  the  traffic  will  bear  works  in  this  case.  The  all- 
rail  rate  from  the  Pittsburg  district  to  Worcester,  Mass.,  on  coal, 
about  a  year  ago,  and  it  has  probably  not  materially  changed 
since,  was  $3.10  (I  take  the  liberty  of  giving  you  again  the  figures 
of  the  Fuel  Committee  report,  which  may  be  familiar  to  you  but 
are  of  such  import  as  to  bear  repetition  many  times).  The  tide- 
water rate  is  figured  as  follows : 

Pittsburg  to  Philadelphia,  $1.65 

Philadclpliia  to  Providence,  .50 

Transfer  to  ears  and  weighing,  .21 

Providence  to  Worcester,  .85 


Total,  $3.21 

Eleven  cents  greater  than  the  all-rail  rate. 

The  distance  from  Pittsburg  to  Philadelphia  is  about  35-1  miles, 
giving  a  ton-mile  rate  of  4.7  mills;  from  Philadelphia  to  Providence 
by  water  is  about  390  miles,  giving  a  similar  rate  of  1.3  mills;  and 
for  the  haul  of  44  miles  from  Providence  to  Worcester  a  rate  of 
19.1  mills,  or  very  close  to  2  cents  per  mile,  and  this  too  after  a 
charge  of  21  cents  for  the  transfer  from  the  boat  to  the  cars  and 
weighing. 

The  all-rail  distance  from  Pittsburg  to  Worcester  is  about  G35 
miles  ])y  way  of  Jersey  City,  which  would  give  a  ton-mile  rate  of 
4.9  mills.  This  does  not  vary  greatlj'  from  the  rate  from  Pitts- 
burg to  Philadelphia,  but  you  will  observe  is  about  one  fourth  the 
rate  from  Providence*  to  W(jrcester,  which  would  seem  excessive 
even  after  making  due  allowance  for  the  siiort  haul  of  the  latter. 
In  fact,  it  appears  that  the  rates  are  so  arranged  that  the  tide- 
water and  all-rail  rates  meet  about  oO  miles  from  {\\o  coast.     In 
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other  words,  any  advantage  to  be  derived  from  water  transporta- 
tion, which  in  the  particular  case  Ave  have  been  considering  bears 
the  ratio  to  all-rail  transportation  of  1.3  to  4.9,  is  to  be  confined  to 
a  narrow  strip  not  exceeding  50  miles  in  width,  bordering  on  the 
lines  of  waterways. 

This  disadvantage  of  distance  from  a  water  port  is  illustrated  in 
another  form  which  appears  to  me  to  involve  great  injustice  al- 
though legally  sanctioned  by  the  Interstate  Commerce  Commis- 
sion, and  that  is,  permitting  lower  rail  rates  to  points  where  tide 
water  competition  is  encountered.  Thus  the  rate  to  Taunton  on 
lumber,  I  am  informed,  is  $1.00  per  ton  more  than  it  is  to  Fall 
River  and  New  Bedford,  although  the  lumber  for  the  latter  points 
is  hauled  through  Taunton,  which  is  either  paying  part  of  the  Fall 
River  and  New  Bedford  bill  as  a  penalty  for  not  having  established 
itself  on  the  sea  or  is  paying  an  entirely  unnecessary  tribute  to  the 
railroad  company.  Cotton,  which  is  one  of  the  great  imports  of 
New  England  and  is  rated  as  fourth-class  freight,  pays  10  cents  per 
hundred  from  New  York  to  Fall  River  or  Providence,  —  within 
2  cents  of  rates  I  have  recently  seen  quoted  from  Baltimore  to 
Liverpool.  But  the  New  England  rate  situation  is  well  known  to 
you  all,  and  my  reason  for  touching  upon  it  here  is  that  it  may  be 
fresh  in  your  minds  during  this  period  of  consideration  of  the  pro- 
jects that  are  being  promoted  by  the  Atlantic  Deeper  Waterway 
Association,  which  in  general  terms  provide  for  a  protected 
waterwaj^  along  the  Atlantic  coast  from  Boston  to  Florida;  that 
is,  protected  from  the  dangers  of  ocean  navigation,  thereby  afford- 
ing an  available  route  for  a  cheaper  type  of  carrier  and  in  some  cases 
saving  very  great  distances  between  the  points  reached. 

In  outline  the  main  project  contemplates  a  canal  connecting 
Boston  Harbor  with  Narragansett  Bay  by  way  of  the  Taunton 
River  and  Mt.  Hope  Bay;  thence  across  Narragansett  Bay  to 
Bissels  Cove,  a  few  miles  below  Wickford,  R.  I.;  thence  across  a 
short  divide  into  the  valley  of  the  Pettaquamscott  River,  south 
to  a  point  back  of  Narragansett  Pier.  A  curious  feature  of  this 
stretch  is  found  in  the  fact  that  although  the  valley  is  between  two 
ranges  of  high,  rocky  hills,  there  is  ample  water  in  the  river  for 
navigation  purposes  in  the  upper  two  miles,  reaching  to  a  depth 
of  60  ft.     Back  of  Narragansett  Pier  the  line  of  the  canal  crosses 
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another  short  divide  and  enters  the  head  of  Point  Judith  Pond, 
through  which  it  passes  south  to  a  connection  with  a  series  of 
ponds  extending  westerly  along  the  southern  shore  of  Rhode  Island 
from  Point  Judith  nearly  to  Watch  Hill.  (This  section  comes 
nearer  to  fulfilling  the  description  of  "  within  a  biscuit's  throw  of 
the  ocean  "  than  any  of  the  others  north  of  Beaufort,  N.  C.) 
From  Watch  Hill  the  line  passes  into  Little  Narragansett  Bay; 
thence  into  Fisher's  Island  Sound  and  Long  Island  Sound  at  about 
New  London.  The  Sound  is  followed  to  New  York;  from  there 
the  canal  will  be  carried  across  New  Jersey  and  enter  the  Dela- 
ware River  somewhere  near  Trenton,  descend  the  Delaware,  pass- 
ing Philadelphia,  Chester,  Wilmington,  Del.,  to  Delaware  City; 
thence  across  the  state  of  Delaware  into  Chesapeake  Bay;  thence 
to  Norfolk,  Va.,  where  it  enters  the  land  and  crosses  to  the  North 
Carolina  sounds  back  of  Cape  Hatteras,  to  Beaufort,  N.  C.  South 
of  Beaufort  it  extends  along  the  coast  line  through  rivers,  ponds, 
and  lagoons  to  Florida. 

The  whole  route  might  be  divided  into  three  divisions,  that  south 
of  Norfolk  being  the  lumber  and  agricultural  division;  between  Nor- 
folk and  New  York  the  coal  division,  constituting  the  entire  water 
frontage  of  the  great  coal  states ;  and  from  New  York  to  Boston, 
the  marketing  division  for  the  natural  products  of  the  other  two. 

It  is  not  alone  as  a  regulator  of  rates  that  this  canal  is  designed 
to  afford  the  cheapest  means  of  transportation,  )3ut  it  serves  to 
afford  an  indispensable  supplement  to  the  railroads  traversing  the 
Atlantic  coast  section  and  other  portions  of  the  country  that  can 
be  reached.  In  1907  the  transportation  facilities  of  the  country 
were  taxed  to  their  limit  and  so  far  over-burdened  that  freight 
blockades  were  occurring  everywhere.  The  products  of  industry 
could  not  be  moved.  At  that  time  that  great  master  of  transpor- 
tation, James  J.  Hill,  said  that  it  was  the  greatest  problem  the 
country  had  before  it.  He  estimated  that  it  would  require  the 
expenditure  of  $1  100  000  000  annually  for  five  years  to  put  the 
railroads  in  condition  to  properly  handle  the  freight  then  offered, 
and  that  such  a  proposition  could  not  be  financed,  nor  could  the 
labor  be  obtained  to  execute  the  work  required;  and  I  have  seen 
it  stated  in  the  daily  papers  that  he  anticipates  a  recurrence  of 
the  trouble,  and  has  increased  the  estimate  previously  made.     A 
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slight  idea  of  the  work  involved  might  Ix^  gained  by  consideration 
of  the  work  of  the  Pennsylvania  Railroad  Company  Terminal  in 
New  York,  which  has  been  in  progress  some  four  or  five  years  and 
involves  an  expenditure  of  something  like  $100  000  000.  Mr.  Hill's 
estimate  calls  for  55  similar  operations  annually.  The  railroads 
are  utterly  unable  to  handle  the  freight  when  the  rush  comes,  and 
are  restricted  more  by  lack  of  terminals  than  lack  of  trackage. 
Mr.  Hill  stated,  in  regard  to  the  difficulties  of  1907: 

''  A  common  carrier  has  reached  its  limit  when  it  is  moving,  at 
all  times,  over  its  system  as  many  cars  as  can  run  upon  its  tracks 
with  safety,  and  be  transferred  and  dispatched  from  its  terminals 
and  junction  points  without  unreasonable  delay.  Beyond  a  cer- 
tain limit,  the  increase  of  business  cannot  be  handled  by  increase 
of  cars  and  engines.  .  .  .  No  additions  of  equipment  and  no 
increase  of  efficiency  of  operation  can  take  the  place  of  the  impera- 
tively required  new  trackage  and  terminal  facilities." 

President  Roosevelt,  in  appointing  an  Inland  Waterway  Com- 
mission, said,  in  1907: 

"It  is  common  knowledge  that  the  railroads  of  the  United 
States  are  no  longer  able  to  move  crops  and  manufactures  rapidly 
enough  to  secure  the  prompt  transaction  of  the  business  of  the 
nation,  and  there  is  small  prospect  of  immediate  relief.  .  .  . 
There  appears  to  be  one  complete  remedy,  —  the  development  of  a 
complementary  system  of  transportation  by  water." 

The  Hon.  C.  P.  Goodyear,  of  Brunswick,  Ga.,  a  close  student  of 
the  conditions  attendant  upon  the  freight  blockade  of  1907,  said: 

"  I  want  to  give  reasons  which  seem  to  me  controlling,  wiiy,  in 
the  future  development  of  the  country,  reliance  cannot  be  placed 
even  in  the  increase  of  2  per  cent,  hereafter  in  railroad  mileage. 
The  greatest  average  yearly  increase  in  railway  construction  be- 
tween 1880  and  1890  of  7  300  miles  per  vear,  with  a  po])ulation 
ranging  from  50  000  000  to  (>:-;  000  000,  is  followed  by  a  period 
from  189(J  to  1907  with  but  3  400  miles  average  increased  mileage 
per  year,  with  a  population  ranging  from  ()3  000  000  to  80  000  000. 
.  .  .  The  reduced  mileage  per  year  in  the  later  period  is  due  to 
increased  cost  of  railway  construction,  not  so  nmch  on  account  of 
increased  cost  of  material  and  equipment,  motive  ])ower,  and  labor 
as  because  of  the  rapidly  increasing  cost  of  right  of  way,  of  termi- 
nals and  station  locations  in  towns  and  cities. 
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"  With  returning  prosperity,  which  is  sure  to  come  in  increased 
volume  with  growing  population,  the  railroads  will  indeed  be  ut- 
terly inadequate  to  handle  traffic,  and,  without  a  supplementary 
system  of  transportation,  agriculture,  mining,  and  industrial 
growth  must  be  curtailed." 

It  is  plainly  the  lesson  of  experience  that  the  railroads  are  not 
able  to  handle  the  products  of  our  industry  in  times  of  prosperity, 
and  it  is  a  clear  duty,  if  we  would  continue  to  expand  in  our  indus- 
trial growth,  to  prepare  as  rapidly  as  possible  for  future  require- 
ments in  this  line ;  and  it  is  my  aim  to  urge  this  upon  your  atten- 
tion to  the  end  that  the  popular  recognition  of  the  importance  of 
the  subject  will  compel  action.  Congress  has  recognized  the 
importance  of  the  subject  to  the  extent  of  providing  surveys  for 
the  various  routes  and  directing  the  preparation  of  the  estimate  of 
cost,  which  work  now  is  about  completed.  It  is  generally  believed 
by  those  who  have  given  the  subject  consideration  that  all  of  these 
waterways  should  be  owned  by  the  national  government,  and 
thereby  preserve  for  the  people  a  water  highway  free  for  the  use 
of  all  who  desire.  While  this  view  may  be  to  some  extent  inspired 
by  the  tendency  of  the  great  transportation  companies  to  monopo- 
lize the  business,  it  must  not  be  forgotten  that  these  great  concerns, 
with  all  their  trained  machinery  for  securing  the  freight,  will  be 
forced  to  make  use  of  the  waterways  for  themselves  on  account  of 
the  conditions  which  will  be  available,  but  they  cannot  have  an 
exclusive  right  of  way,  which  will  always  be  available  for  the  small 
concern  as  well  as  the  large  corporation.  The  result  in  either  case 
will  be  a  lowering  of  rates. 

With  regard  to  the  importance  of  this  great  movement  to  New 
England,  it  is  desirable  to  consider  its  situation  with  respect  to 
the  rest  of  the  country.  It  is  farther  from  the  points  of  production 
of  all  the  raw  material  which  enters  into  the  products  of  its  mills 
than  any  other  manufacturing  section  of  the  United  States,  and 
hence  is  more  deeply  interested  in  the  cheapest  possible  form  of 
transportation  that  can  be  devised,  both  for  the  raw  material  and 
marketing  its  product.  The  manufacturing  industries  have  at- 
tained a  strong  position  in  the  industrial  world,  based  on  a  tho- 
rough development  of  the  available  water  powers  and  upon  the 
characteristic  energy,  intelligence,  and  enterprise  of  its  citizens; 
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but  the  extent  of  the  industries  has  far  outgrown  the  power  of  the 
watersheds,  and  the  lesson  of  careful  management  and  operation 
has  l^een  learned  by  her  rivals  and  is  being  more  and  more 
effectively  applied  in  other  locahties  with  the  enthusiasm  which 
always  accompanies  successful  development  of  new  lines  of  work, 
so  that  the  difference  of  the  cost  of  the  finished  product  is  measured 
more  nearly  to-day  than  formerly  b}"  the  distance  between  the 
points  of  production  and  consumption  of  the  raw  materials.  As 
those  elements  of  cost  dependent  upon  mental  qualifications  and 
the  results  of  long  experience  become  equalized  in  the  different 
sections  of  the  country,  transportation  becomes  more  and  more  the 
ruling  factor  in  the  strife  for  industrial  supremacy.  Under  exist- 
ing conditions  New  England  is  seriously  handicapped  in  matters 
of  cheap  water  transportation  by  the  difficulties  and  dangers  of 
the  passage  around  Cape  Cod  and  Point  Judith,  together  with  the 
stretch  of  ocean  navigation  from  Race  Rock  at  the  eastern  end  of 
Long  Island  Sound  to  the  Avestern  entrance  of  Vineyard  Sound. 

In  the  course  of  the  traditional  repetition  of  history  this  great 
movement  in  the  United  States,  looking  towards  the  development 
of  waterways  both  natural  and  artificial,  to  the  end  that  better 
facilities  may  be  afforded,  has  revived. 

Before  the  advent  of  the  railroad  era  and  after  the  highways  had 
reached  their  economical  capacity,  attention  was  turned  towards 
transportation  by  canal,  and  between  1783  and  the  end  of  the 
eighteenth  century  charters  were  issued  for  companies  which  should 
construct  the  Dismal  Swamp  Canal  southward  from  Norfolk,  Va. ; 
the  Chesapeake  and  Delaware  Canal,  joining  the  waters  of  those 
baj's;  and  the  Delaware  and  Raritan  Canal,  leading  to  New  York 
Harbor,  thus  giving  a  waterway  from  the  North  Carolina  sounds 
to  Long  Island  Sound,  which,  however,  from  the  modern  point 
of  view  was  of  very  small  capacity.  In  April,  1808,  Albert  Galla- 
tin, Jefferson's  Secretarj-  of  the  Trcasurj^,  in  response  to  a  resolu- 
tion of  Congress,  presented  a  comprehensive  plan  involving  a  con- 
tinuous inland  waterway  along  the  Atlantic  coast.  The  present 
movement  is,  therefore,  but  a  revival  of  the  projects  then  proposed 
and  in  part  carried  out,  enlarged  and  adapted  to  present-day  needs. 

It  was  a  part  of  the  Gallatin  plan  that  tributary  small  canals 
threading  the  interior  should  bring  freight  to  the  main  waterway 
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along  the  coast.  Among  others,  a  number  of  small  canals  were 
built  from  the  coal  regions  of  Pennsylvania  to  tide  water,  and  until 
they  became  the  property  of  the  railroads  served  a  useful  purpose; 
but  they  carry  little  if  any  coal  to-day.  Consider  for  a  moment 
what  it  would  mean  to  New  England  could  those  canals  be  re- 
habilitated and  adapted  to  modern  requirements,  so  that  a  barge 
could  be  loaded  at  the  mines  and  be  brought  to  your  New  England 
ports  without  a  transfer.  Consider  what  it  would  mean  to  the 
states  of  Connecticut,  central  Massachusetts,  Vermont,  and  New 
Hampshire,  to  have  an  adequate  waterway  extending  from  Long 
Island  Sound  up  the  valley  of  the  Connecticut  River,  even  if  its 
benefits  were  limited  to  a  strip  50  miles  wide  on  either  side.  Would 
there  not  be  enormous  possibilities  in  a  protected  waterwaj^  lead- 
ing from  New  England  ports  by  way  of  the  Hudson  River,  the  new 
barge  canal  across  New  York  State  and  the  Champlain  canal  to 
the  Great  Lakes  and  the  valley  of  the  St.  Lawrence,  bringing  you 
into  touch  with  millions  of  population,  consumers  of  your  products, 
upon  which  freight  of  about  one  mill  per  ton  mile  would  be  paid 
instead  of  about  five  mills,  the  average  railroad  rate  of  the  present 
day?  The  time  consumed  in  the  deliveries  of  freight  by  the  water 
route  would  be  much  shortened.  The  average  rate  of  progress  of 
a  freight  car  is  but  twenty-five  miles  per  day.  A  week  is  no 
unusual  time  to  elapse  between  the  shipment  and  delivery  of 
freight  by  rail  between  Boston  and  New  York.  I  am  told  that 
three  or  four  days  is  common  between  Philadelphia  and  Balti- 
more. I  have  had  personal  experience  of  an  interval  of  three 
months  between  Jersey  City  and  Salt  Lake  City.  Once  on  board 
a  barge  and  started  in  the  tow,  there  is  no  sidetracking  or  delay, 
but  a  steady  pushing  forward,  at  a  slow  rate  perhaps,  to  destination. 
It  is  not  expected  that  an  intra-coastal  canal  is  going  to  do 
away  with  coastwise  ocean  traffic,  for  the  steamers  built  for  the 
trade  will  continue  to  ply  up  and  down  the  coast,  and  the  sailing 
vessels  to  beat  along  their  old-time  tracks;  but  bulky  freight,  such 
as  coal,  lumber,  cotton,  and  many  commodities  destined  for  inland 
points,  will  be  carried  by  suitable  vessels  by  water.  And  one  essen- 
tial element  of  the  success  of  this  entire  project  consists  in  the 
development  of  the  most  efficient  type  of  boat  adapted  to  the 
minimum  depths  of  water  in  the  various  branches  of  the  canals 
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in  the  entire  system  or  such  portions  of  it  as  thej^  are  ever  Hkely 
to  use. 

Due  to  the  necessity  of  building  the  ocean  vessel  of  sufficient 
strength  to  resist  violent  storms,  her  cost  in  the  United  States  is 
about  $71  per  ton  of  freight  carried.  On  the  Great  Lakes,  vessels 
are  subject  to  storms  of  less  violence  and  the  cost  is  about  $41.50. 
A  Mississippi  steamboat  and  10  barges  capable  of  transporting 
10  000  tons  of  freight  on  8^  ft.  of  water  can  be  built  for  about 
$12.50  per  ton  of  freight  carried.  The  modern  sea-going  tow  of 
steel  barges  with  their  ocean-going  tug,  costing  about  $28  per 
ton,  can  be  replaced  on  this  proposed  protected  waterway  by 
a  type  costing  $17  per  ton,  and  by  it  Providence  is  brought 
140  miles  nearer  Philadelphia  and  250  miles  nearer  Baltimore. 
With  a  rate  of  75  cents  per  ton  from  Philadelphia  to  Providence  by 
sea,  —  about  the  highest  rate  usually  paid,  —  it  is  found  that  the 
same  return  on  the-  capital  investment  will  be  yielded  with  a  rate 
of  48.6  cents  b}'  a  canal  aside  from  any  saving  due  to  the  elimina- 
tion of  the  dangers  of  the  ocean  trip. 

The  feature  of  the  efficient  adaptation  of  the  type  of  vessel  to 
the  traffic  is  strikingly  exhibited  in  the  lake  traffic,  where  this 
system  is  highly  developed,  when  last  year  the  largest  traffic  was 
conducted  with  20  per  cent,  of  the  tonnage  out  of  commission, 
owing  to  improvements  in  handling  freight  (10  000  tons  of  ore 
loaded  in  thirty  minutes,  four  to  five  hours  in  unloading) . 

To-day  the  eastern  Ncav  England  states  cannot  be  reached  by 
water  without  at  least  a  short  ocean  trip.  Upwards  of  20  000  000 
tons  of  freight  pass  the  southern  shore  of  Rhode  Island  annually, 
some  coming  around  the  eastern  end  of  Long  Island,  but  the  great 
bulk  coming  out  of  Long  Island  Sound. 

With  the  fall  and  winter  storms  comes  the  annual  tale  of  dis- 
aster, especially  to  the  towing  fleet,  and  every  year  records  the 
loss  of  a  number  of  barges  too  often  accompanied  by  loss  of  life; 
the  sailing  fleet  is  not  exempt,  and  fog  brings  many  a  steamer  with 
valuable  cargo  to  the  end  of  her  career.  With  regard  to  the 
barges,  the  almost  universal  criticism  is,  "  Why  should  the  govern- 
ment permit  the  use  of  such  vessels  for  an  outside  trip?  "  Regu- 
lations have  been  established  by  Congress  looking  to  an  ameliora- 
tion of  these  conditions  which  went  into  effect  January  1,  1909; 
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but  with  each  additional  restriction  there  is  additional  expense 
which  is  adding  to  the  cost  of  your  transportation.  The  inexpen- 
sive type  of  barge,  called  sometimes  the  "  coffin  barge,"  but  more 
properly,  I  believe,  the  "  box  barge,"  now  growing  in  use  for  the 
transportation  of  coal  from  New  York  to  Narragansett  Bay  points, 
is  a  boon  to  that  section  but  too  light  to  come  to  Boston  unless 
there  should  be  a  protected  way.  As  it  is  now,  they  are  frequently 
detained  for  periods  of  two  weeks  at  New  London  awaiting  a 
chance  to  get  into  Narragansett  Bay.  A  short  time  ago  I  saw  one 
that  had  taken  thirty  days  to  make  the  voyage  from  New  York  to 
Pawtucket. 

The  stretch  of  ocean  navigation  from  Race  Rock  at  the  eastern 
end  of  Long  Island  Sound  to  the  western  entrance  to  Vineyard 
Sound,  about  sixty  miles  in  length,  is  perhaps  the  scene  of  more 
marine  disasters  accompanied  by  serious  loss  of  life  and  property- 
than  any  like  distance  along  the  Atlantic  coast,  save  that  from 
Nantucket  Sound  to  Provincetown.  And  this  condition  pertains 
not  by  reason  of  more  severe  storms  and  heavier  fogs  than  else- 
where, although  there  is  an  abundance  of  both,  but  largely  from 
the  enormous  traffic  passing.  This  traffic  is  in  a  way  congested, 
for  in  thick  or  foggy  weather  every  vessel  bound  for  Narragansett 
Bay  is  obliged  to  take  her  departure  from  Race  Rock  Light  and 
run  her  prescribed  course  for  a  certain  number  of  hours  and 
minutes  and  find  the  Point  Judith  whistling  buoy  or  she  is  in  immi- 
nent danger;  and  the  vessel  bound  out  of  the  bay  is  obliged  to  take 
the  same  line  from  the  whistling  buoy  for  Race  Rock.  In  the  same 
way  vessels  bound  to  and  from  points  east  of  Narragansett  Bay 
are  compelled  to  follow  prescribed  courses  to  find  their  turning 
points,  and  the  two  courses  are  quite  close  together.  At  the  same 
time  the  sailing  vessels,  forming  about  28  per  cent,  of  the  whole 
fleet,  are  beating  across  these  courses  in  adverse  winds.  In  addi- 
tion to  the  Sound  fleet  there  are  those  coming  from  southern  ports 
around  Montauk  Point  and  to  the  eastward  of  Block  Island,  all 
converging  on  the  Point  Judith  buoy  and  the  Vineyard  Sound 
Light  Vessel,  increasing  the  hazard  of  the  navigation  of  these 
waters. 

It  is  not  alone  the  barges  of  light  construction  that  meet  with 
disaster,  but  the  parting  of  hawsers  of  the  large  barges  from  the 
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Chesapeake  and  Delaware  bays  is  of  frequent  occurrence.  I'nder 
such  circumstances,  the  barge  adrift  is  either  picked  up,  goes 
ashore,  founders,  or  works  out  to  sea  and  weathers  the  gale;  the 
Avhole,  even  under  the  most  favorable  conditions,  a  serious,  costly, 
and  hazardous  experience.  As  the  route  extends  eastward,  the 
Nantucket  and  Monomoy  shoals  are  encountered  and  the  dangers 
vastly  increased. 

A  map  prepared  in  the  United  States  Engineer  Office  at  Newport, 
a  few  years  ago,  gives  the  approximate  location  of  1  016  marine 
disasters  which  had  occurred  between  Fisher's  Island  at  the  eastern 
end  of  Long  Island  Sound  and  Provincetown,  from  1880  to  1903, 
and  there  were  doubtless  manj^  others  of  which  no  record  was 
available.  Of  the  total  number,  377,  or  35  per  cent.,  occurred 
west  of  Narragansett  Bay,  such  is  the  index  of  the  dangers  attend- 
ant upon  that  short  ocean  voyage  from  Race  Rock  to  Narragan- 
sett Ba}',  and,  taken  in  connection  with  the  frequent  long  deten- 
tions of  whole  tows  of  barges  at  New  London  for  weeks  at  a  time, 
awaiting  a  chance  to  round  Point  Judith,  offers  a  strong  reason 
for  building  that  section  of  the  Rhode  Island  canal  within  a  bis- 
cuit's throw  of  the  ocean. 


Estimated  Cost  of  Sea-Level  Canal  between  Narragansett  Bay  and 
Long  Island  Sound. 


Description. 

Canal  18  ft.  depth  of  water,  125  ft.  bottom  width : 

Cost  of  construction 

Cost  of  annual  maintenniu'(>,  capitahzed  at  4  per  cent. 

Total  cost 


Cost. 


$11  94.-)  000 
3  7.50  000 


$15  695  000 


Canal  25  ft.  depth  of  water,  200  ft .  hot  toin  width : 

Cost  of  construction 

Cost  of  annual  niaintcnanee,  caijitalizeil  at  4  per  cent . 

Total  cost 


$24  370  000 
4  000  000 


$28  370  000 


Note. — The  18-ft.  canal  would  have  a  bottom  width  of  250  ft.  in  the 
approaches  and  in  the  ponds  traversed;  the]25-ft.  oanal  would  hav(!  a  bottom 
width  of  300  ft.  in  the  approaches  and  in  the  ponds  traversed. 
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Estimated  Cost  of  Yarioits  Types  and  Dimensions  of  Canals  between 
Narragansett  Bay  and  Boston. 

Depth  of  Water. 
Description.  18  Ft.  25  Ft. 

Lock  canal,  35-ft.  summit,  bottom  width  200  ft. : 

Cost  of  construction,  Taunton  River  to  Hingham 

Harbor $29  ,590  000     .$40  047  000 

Cost  of  annual  maintenance,  capitalized  at  4  per 

cent 20  178  000       20  903  000 

Total  cost $49  768  000     $60  950  000 


Lock  canal,  35-ft.  summit,  bottom  width  125  ft. : 
Cost  of  construction,  Taunton  River  to  Hingham 

Harbor .$24  955  000     $32  470  000 

Cost  of  annual  maintenance,  capitalized  at  4  per 

cent 20  178  000       20  903  000 


Total  cost $45  133  000     .$53  373  000 


Lock  canal,  20-ft.  summit,  bottom  width  200  ft. : 
Cost  of  construction,  Taunton  River  to  Plymouth 

Harbor .$20  570  000     ,$26  848  000 

Cost  of  annual  maintenance  capitalized  at  4  per 

cent 14  035  000       14  785  000 


Total  cost .$34  605  000     .$41  633  000 


Lock  canal,  20-ft.  summit,  bottom  width  125  ft.: 
Cost  of  construction,  Taunton  River  to  Plymouth 

Harbor $17  453  000     $21  678  000 

Cost  of  annual  maintenance,  capitalized  at  4  per 

cent 14  035  000       14  785  000 


Total  cost .$31,488  000     -$36  463  000 


Sea-level  canal,  bottom  width  200  ft. : 

Cost  of  construction,  Taunton  River  to  Plymouth 

Harbor $35  696  000     $47  133  000 

Cost  of  annual  maintenance,  capitalized  at  4  per 

cent ■ 11  035  000       11  835  000 

Total  cost ,$46  731  000     $58  968  000 
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Sea-level  canal,  bottom  width  12.5  ft. : 

Cost  of  construction,  Taunton  River  to  Plymouth 

Harbor $28  429  000     $37  420  000 

Cost  of  annual  maintenance,  capitalized  at  4  per 

cent 11  035  000       11  835  000 

Total  cost $39  464  000     $49  255  000 

Note.  —  All  river  and  harbor  sections  to  have  a  bottom  width  of  300  ft. 


DISCUSSION. 

Mr.  T.  G.  Hazard,  Jr.  I  would  like  to  ask  if  it  will  be  possible 
to  keep  the  canal  open  during  the  ice  season. 

Mr.  Parrish.  That  has  been  considered  a  good  deal,  and  it  is 
generally  thought  that  the  canal  can  be  kept  open  at  such  times  as 
the  rivers  are  open;  that  is,  that  there  would  be  no  more 
likelihood  of  the  canals  freezing  up  than  there  would  be,  for  in- 
stance, of  the  Providence  River  or  Pawtucket  River,  although 
there  might  be  a  little  delay  on  that  account.  But  the  facilities 
for  getting  through  and  running  on  schedule  time,  not  having  to 
wait  on  account  of  storms  or  fog,  would  enable  the  merchants 
during  the  fall  months  to  stock  up  with  coal  before  the  winter 
season  came  on.  There  is  very  great  detention  now  even  in  tlu^ 
short  trip  from  Long  Island  Sound  into  Narragansett  Bay,  and 
that  is  vastly  increased,  of  course,  in  tlie  trip  from  Long  Island 
Sound  to  Boston. 

Mr.  Frank  L.  Fuller.  How  would  the  lock  canals  be  supplied 
with  water? 

Mr.  Parrish.  They  would  have  to  be  supplied,  I  think,  by 
pumping.  I  have  not  seen  any  of  the  details  of  the  lock  canals. 
The  Rhode  Island  canal  would  be  purely  a  sea-level  canal.  The 
state  made  a  survey  down  through  Brockton  for  a  canal  at  one 
time,  and  it  was  proposed  to  pump  from  the  s(>a  level  up,  to  sui)ply 
the  water  in  that  way. 

Mr.  Fuller.     Wouldn't  that  be  very  expensive? 

Mr.  Parrish.     Yes;  I  think  probably  it  would  l)e. 

Mr.  a.  S.  Negus.  I  have  been  in  the  towing  business  a  lot 
around  Cape  Cod,  and  also  in  Long  Island  Sound,  and  I  have  often 
thought  that  an  inside  passage,  such  as  has  been  suggested,  would 
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be  of  very  great  advantage.  As  the  gentleman  has  said,  there  are 
a  great  many  serious  delays  from  storms  and  bad  weather,  par- 
ticularly from  the  Little  Gull  down  to  the  end  of  Cape  Cod.  It 
is  very  dangerous  both  for  boats  and  for  the  barges.  The  barges 
always  suffer,  of  course,  the  most.  Oftentimes  in  bad  weather  it 
is  very  serious  for  them,  and  also  for  sailing  vessels.  I  have  been 
shipwrecked  twice  on  Nantucket  Shoals  with  tows,  and  if  we  had 
had  the  Pawtucket  Canal  or  this  other  canal  which  has  been 
described,  it  would  have  been  a  wonderful  advantage,  both  in 
respect  to  time  and  safet}'.  When  these  long  tows  pass  down 
through  outside,  they  are  a  danger  to  everything,  and  anything 
of  the  kind  which  is  suggested  I  think  would  be  of  very  great  help. 


PROVOST.  301 


PROTECTION  OF  NEW  YORK'S  WATER  SUPPLY  FROM 
POLLUTION  DURING  CONSTRUCTION  WORK. 

BY  AXDREW  J.    PROVOST,   JR.,   SANITARY  EXPERT,   BOARD  OF  WATER 

SUPPLY. 

[Read  , September  13,   1911.] 

T\w  existing  water  supply  for  the  boroughs  of  Manhattan  and 
Bronx  in  the  city  of  New  York  is  furnislied  from  reservoirs  and 
lakes  in  the  watersheds  of  the  Croton,  Bronx,  and  Byram  rivers 
in  the  counties  of  Westchester,  Putnam,  and  Dutchess,  on  the 
east  side  of  the  Hudson  River.  The  aggregate  supply  drawn 
from  these  sources  approximates  300  million  gallons  per  day. 

The  additional  supply  of  500  million  gallons  per  day,  work 
for  which  is  now  advanced,  is  to  be  taken  from  the  watersheds 
of  the  Esopus,  Rondout,  Schoharie,  and  Catskill  creeks  in  the 
comities  of  Sullivan,  Ulster,  Greene,  Schoharie,  and  Albany,  on 
the  west  side  of  the  Hudson.  This  is  generally  referred  to  as  the 
"  Catskill  supply." 

The  work  now  being  undertaken  includes  the  construction  of 
the  Ashokan  Reservoir,  an  impounding  reservoir  of  about  127 
thousand  million  gallons,  located  in  the  foothills  of  the  Catskill 
Mountains  back  of  the  city  of  Kingston;  the  Kensico  Reservoir, 
an  equalizing  reservoir  of  about  40  thousand  million  gallons 
capacity,  formed  by  combining  and  enlarging  the  existing  Kensico 
Reservoir  and  Rj'e  Pond  storage  basins  near  Valhalla  in  West- 
chester County;  the  Hill  View  Reservoir,  a  distributing  reservoir 
of  about  900  million  gallons,  near  Yonkers,  just  north  of  the  New 
York  City  line;  the  Catskill  aqueduct,  a  conduit  about  92  miles 
in  length  between  the  Ashokan  and  Hill  View  reservoirs,  with 
a  depressed  crossing  under  the  Hudson  River  at  Cornwall;  and 
the  distributing  aqueduct,  a  conduit  of  about  27  miles  in  length, 
from  Hill  "\'iew  Reservoir  through  Manhattan  Island  to  Brookljni 
and  under  the  Narrows  to  its  terminus  at  Silver  Lake  on  Staten 
Island,  witli  branch  conduits  in  the  boroughs  of  Rrookl>ni  and 
Queens. 
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The  estimated  cost  of  the  entire  work,  inchidiiifj;  de\-elopment 
of  the  Rondoiit,  Schoharie,  and  Catskill  watersheds  and  the 
installation  of  the  filtration  plant  not  yet  undertaken,  is 
$162  000  000. 

These  constructions,  involving  the  emplopnent  of  many 
thousand  alien  laborers,  presented  sociological  and  sanitary 
problems  that  required  careful  consideration  and  study,  ])articu- 
larly  where  the  site  of  the  works  occupies  watersheds  of  important 
potable  supphes. 

Early  in  its  work  the  Board  of  Water  Supply  realized  the  im- 
portance of  these  matters  and  undertook  their  careful  study. 

In  the  first  place,  the  communities  through  which  the  work 
passed  required  protection  against  infection  by  contagious  and 
communicable  diseases. 

Second,  the  operations  of  the  work  being  within  or  adjacent 
to  numerous  watersheds  contributing  surface  water  for  ]5ublic 
and  private  supplies,  the  reasonable  protection  of  these  supplies 
against  pollution  was  imperative. 

Finally,  in  order  that  the  work  might  proceed  effectively  and 
without  interruption,  and  for  humanitarian  reasons,  it  was  es- 
sential that  the  health  of  the  force  be  maintained  and  all  possible 
prevental)le  disease  eliminated. 

These  questions  on  similar  work  have  heretofore  been  largely 
overlooked  or  left  to  the  discretion  of  local  ])oards  of  health,  which, 
as  a  rule,  have  not  been  active  until  unsanitary  conditions  became 
so  acute  as  to  attract  attention  l)y  important  outl:)reaks  of  disease. 

Some  attempt  to  control  such  conditions  by  legislative  enact- 
ment has  been  made  in  Great  Britain  and  elsewhere,  but  the  board 
having  control  of  the  Catskill  supply  undertook  to  draft  into  the 
specijEications  of  construction  contracts  conditions  regulating 
sanitarj'  conduct  on  the  part  of  the  contractors'  employees,  and 
they  have  endeavored  to  secure  the  observance  of  these  by  system- 
atic inspection. 

No  similar  specifications  were  available  for  use  as  a  basis  of 
action,  and  those  which  have  been  adopted  on  this  work  for  the 
protection  of  the  Croton  supply,  whose  watershed  is  occupied 
by  the  new  aqueduct  for  a  distance  of  about  twelve  miles,  are 
here  quoted  in  part  for  purposes  of  general  interest. 
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For  works  occupying  less  im])ortant  watersheds  other  specifi- 
cations somewhat  less  forceful  have  been  chafted,  and  where  the 
works  are  outside  of  watersheds  the  specifications  are  still  more 
moderate. 

The  following  reciuirements  have  l)een  embodied  in  the  specifi- 
cations for  constructing  the  aqueduct  in  the  four  principal  con- 
tracts occupying  the  Croton  shed  where  the  work  crosses  Croton 
Lake  and  several  of  the  tributarv  streams. 


SANITARY   PRECAUTIONS. 

(Article  XXXII.) 
Sanitary  Precautions. 

Section  50.  The  contractor  and  his  employees  shall  prevent 
nuisances  in  and  about  all  camps  and  works;  shall  protect  water 
courses,  reservoirs,  wells,  and  other  sources  of  water  supply, 
pubhc  or  private,  from  pollution,  contamination,  or  interference, 
and  safeguard  the  public  health,  as  may  be  directed  from  time  to 
time  by  the  constituted  authorities  of  the  state  and  city.  The 
contractor  shall  summarily  dismiss  and  shall  not  again  engage, 
except  with  the  wTitten  consent  of  the  engineer,  any  employee 
who  violates  this  section. 

Inspection  by  Engineer.     Sanitary  Precautions  to  be  Satisfactory. 
Compliance  with  Sanitary  Regulations. 

Section  51.  The  engineer  shall  have  the  right,  in  order  to  de- 
termine whether  the  requirements  of  this  contract  as  to  sanitary' 
matters  ar(^  being  complied  with,  to  enter  and  inspect  any  camp 
or  building  or  any  part  of  the  works,  and  to  cause  any  employees 
to  be  examined  physically  or  medically  or  to  be  vaccinated  or 
otherwise  treated;  also  to  inspect  the  drinking  water  and  food 
supplied  to  the  employees.  The  sanitary  precautions,  the  care 
of  the  employees,  the  camps  and  all  territory  occupied  by  the 
contractor,  shall  at  all  times  be  satisfactory  to  the  engineer.  The 
contractor  shall  promptly  and  fully,  and  in  every  particular, 
comply  with  all  orders  and  regulations  in  regard  to  these  matters, 
including  all  sanitary  and  medical  rules  and  regulations  which 
may  have  been  or  may  be  promulgated  from  time  to  time.  And 
to  this  end  and  to  properly  preserve  the  peace,  the  Board  of  Water 
Supply  police  shall  have  the  right  of  access  to  the  contractor's 
camps  and  quarters. 
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Quarters  and  Stables. 

Section  52.  The  contractor  shall  provide  suitable  and  satis- 
factory buildings  for  the  housing,  feeding,  and  sanitary  necessities 
of  the  men,  and  suitable  stabling  for  the  animals  employed  upon 
the  work.  All  buildings  for  these  or  kindred  purposes  shall  be 
built  only  in  accordance  with  approved  drawings  and  specifica- 
tions. AH  houses  occupied  by  employees  shall  be  thoroughly 
screened  to  exclude  mosquitoes  and  flies.  The  c^uarters  for  the 
men  shall  be  grouped  in  properly  arranged  camps.  The  con- 
tractor shall  submit  the  locations  proposed  for  his  camps  and 
buildings  to  the  engineer  for  approval,  and  no  buildings  shall  be 
erected  until  such  approval  shall  have  been  obtained.  Camps 
shall,  if  ordered,  be  enclosed  by  barbed  wire  or  other  approved 
fences  not  less  than  ten  (10)  feet  high,  with  not  more  than  two 
(2)  entrances.  Each  camp  and  the  grounds  surrounding  it  in 
all  directions  shall  be  thoroughly  illuminated  by  electric  arc 
lamps  or  other  acceptable  lights.  This  illumination  shall  be 
maintained  from  sundown  to  sunrise  every  night  during  the 
occupation  of  the  camp,  unless  otherwise  ordered.  Employees 
may,  so  far  as  practicable,  be  required  to  remain  within  camp 
when  not  at  work. 


Sanitary  Conveniences  and  Disposal  of  Excreta.    Attendants.    Pre- 
venting Nuisances. 

Section  53.  Buildings  for  the  sanitary  necessities  of  all  persons 
employed  on  the  work,  beginning  with  the  first  men  employed  to 
build  camps  or  for  other  preliminary  operations,  shall  be  con- 
structed and  maintained  by  the  contractor  in  the  number,  manner, 
and  places  ordered.  All  persons  connected  with  the  works  shall 
be  obliged  to  use  these  conveniences  under  penalty  of  discharge. 
Unless  otherwise  directed,  the  sanitaries  shall  be  provided  with 
water-tight  removable  receptables  of  suitable  capacity.  These 
receptacles,  if  used,  shall  not  be  allowed  to  overflow,  but  shall 
be  removed,  without  spilling,  at  required  intervals,  their  contents 
at  once  treated  as  directed,  and  then  promptly  taken  to  a  desig- 
nated place  outside  the  watershed,  and  there  disposed  of  as  ordered. 
If  incinerators  be  used,  they  shall  be  efficiently  operated.  The  con- 
tractor shall  provide  a  sufficient  number  of  acceptable  attendants 
to  keep  all  sanitaries  in  satisfactory  condition  and  compel  em- 
ployees to  use  them.  The  contractor  shall  rigorously  prohibit 
the  committing  of  nuisances  within  the  tunnels,  the  aqueduct, 
or  other  completed  or  partially  completed  structure,  or  upon  the 
land  of  the  city  about  the  works,  or  upon  adjacent  private  property. 
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Medical  and  Surgical  Attendance.     Hospitals. 

Section  54.  The  contractor  shall  retain  the  services  of  acceptable 
qualified  medical  and  surgical  practitioners,  to  the  number  ordered, 
who  shall  have  the  care  of  his  employees,  shall  inspect  their 
dwellings,  the  stables,  and  the  sanitaries  as  often  as  required, 
and  shall  sujiply  medical  attendance  and  medicines  to  the  em- 
ployees whenever  needed.  The  contractor  shall  provide,  from 
approved  plans,  one  or  more  buildings,  properly  fitted  for  the 
purposes  of  a  hospital,  with  facilities  for  heating  and  ventilating 
in  cold  weather,  and  for  screening  and  ventilating  in  warm  weather. 
These  hospitals  shall  have  an  ample  number  of  beds  to  properly 
care  for  sick  or  injured  employees,  and  shall  be  provided  with  all 
articles  necessary  for  giving  "  first  aid  to  the  injured,"  as  well 
as  with  all  necessary  medicines  and  medical  appliances  for  the 
proper  care  for  the  sick  and  injured.  Another  building  of  approved 
design  shall  be  provided  and  equipped  as  an  isolation  hospital, 
and  any  employee  who  shall  be  found  to  have  a  communicable 
disease  shall  be  at  once  removed  from  the  camp  to  this  hospital, 
and  there  isolated  and  treated  as  directed.  Whenever  practicable, 
an  employee  having  a  communicable  disease  shall  be  removed, 
when  and  as  directed,  to  a  hospital  outside  the  watershed. 

Medical  Supervision  of  Employees. 

Section  55.  The  medical  supervision  of  the  contractor  over  his 
employees  shall  extend  to  the  physical  and  medical  examination 
of  all  applicants  for  employment,  in  order  to  prevent  persons 
having  communicable  diseases  from  becoming  connected  with 
the  work,  and  the  contractor  shall  employ  only  persons  shown  by 
such  examination  to  be  free  from  communicable  diseases.  When- 
ever, in  the  opinion  of  the  engineer,  it  is  necessary  for  the  pro- 
tection of  the  public  health  or  the  health  of  the  employees,  the 
contractor  shall  remove  any  employee  from  the  work  either  to  a 
hospital  at  or  near  the  works  or  to  a  more  remote  hospital,  or 
shall  remove  permanently  from  the  work  or  any  camp  any  em- 
ployee wliose  presence  is  believed  to  endanger  the  health  of  other 
persons. 

Health  Reports. 

Section  06.  Once  each  week,  or  more  fre(iuently  if  rcMjuired, 
the  contractor  shall  give  the  engineer,  in  such  detail  as  may  be 
prescribed  from  time  to  time,  a  written  report,  signed  by  the 
physician  in  regular  attenflanc(%  setting  forth  clearly  the  health 
conditions  of  the  camp  or  camps  and  of  the  employees.     If  any 
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case  of  communicable  disease  be  discovered,  or  anj'  case  of  doubtful 
diagnosis,  it  shall  be  reported  at  once  to  the  engineer,  by  telephone 
or  messenger,  and  confirmed  in  writing. 

Domestic  Water-Supply.    Bath  and  Laundry  Facilities. 

Section  57.  The  water  furnished  by  the  contractor  shall  include 
a  sufficient  supply  of  drinking  water  of  acceptable  quality  for 
all  his  employees,  to  be  obtained  from  approved  sources.  He 
shall  provide  ample  bathing  and  clothes-washing  facilities  for  his 
employees  and  sufficient  water  of  acceptable  quality  therefor. 
If  any  water  supply  for  domestic  uses  should  become  contaminated, 
the  contractor  shall  prompth'  provide  a  new  supply  from  an 
approved  source  and  abandon  the  contaminated  supply,  or  shall 
provide  works  for  purifying  the  contaminated  water  when  and 
as  ordered. 


Disposal  of  Wash  Water  and  Stable  Drainage. 

Sectio7i  58.  All  wash  water  from  kitchens,  laundries,  and  other 
places,  and  all  drainage  from  stables,  shall  be  conveyed  by  satis- 
factory means  to  places  directed,  where  such  drainage  shall  be 
treated  by  the  means  ordered  so  as  to  jaeld  an  acceptably  in- 
nocuous effluent. 

Drainage  from,  Camps  and  Tunnels  to  be  Filtered. 

Section  59.  Drainage  from  camps  and  tunnels  and  from  other 
places  yielding  water  unfit  for  direct  discharge  into  a  reservoir 
or  tributary  thereof  shall  be  conducted  in  tight  drains  or  other 
approved  conveyors  to  filters,  septic  tanks  or  other  disposal 
plants  of  approved  construction,  at  places  designated,  and  treated 
as  directed  to  produce  an  acceptable  effluent.  Such  effluent  shall 
be  discharged  only  in  the  manner  and  at  the  place  or  places 
directed. 

Garbage  Disposal. 

Section  60.  Garbage,  both  liquid  and  solid,  shall  be  promptly 
and  satisfactorily  removed  from  the  buildings  and  immediately 
placed  in  approved  tight  receptacles  of  sufficient  capacity  for 
about  one  day's  ordinary  production.  At  least  once  in  every 
twenty-four  hours  all  such  garbage  shall  be  incinerated  or  other- 
wise thoroughly  and  satisfactorily  disposed  of  in  an  approved 
manner. 
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Contractor  to  Build  Sanitary  Work.'s. 

Section  61.  The  contractor  shall  build,  in  accordance  with 
drawings  and  directions  furnished  from  time  to  time  by  the 
engineer,  sucli  disposal  plants,  sewers,  drains,  and  other  structures, 
and  shall  do  such  other  work,  not  herein  particularly  specified, 
as  may  be  ordered  for  carrying  out  the  intent  of  the  sanitary 
precautions  of  this  contract. 


The  five  labor  camps  established  for  these  contracts  have  a 
maximum  population  of  about  1  500.  The  sites  are  in  all  cases 
located  on  property  leased  by  the  contractors  after  most  careful 
study  in  which  consideration  was  given  to  exposure,  drainage, 
accessibility  to  the  work,  including  sanitary  transportation  of 
the  men  to  and  from  the  camps,  and  protection  against  pollution 
of  the  lake  and  streams  from  the  camps  themselves  with  available 
precautions:    Some  of  these  precautions  are: 

The  prompt  incineration  of  all  human  discharges. 

The  collection  and  treatment  of  all  liquid  camp  Avastes  from 
kitchens,  laundries,  lavatories,  etc. 

The  collection  and  treatment  of  all  storm  water  falling  within 
the  camp  areas. 

The  collection  and  prompt  destruction  of  all.  garbage  and  stable 
manure. 

The  physical  examination  of  all  applicants  for  employment 
and  their  careful  medical  observation  while  in  camp  or  on  the  work. 

The  prosecution  and  punishment  of  persons  committing 
nuisances. 

The  enclosing  of  camp  areas  by  man-proof  fences. 

The  illumination  of  camp  grounds. 

General  precautions  for  maintaining  the  lu^alth  of  th(^  force 
by  supplying  adeciuate  and  suitable  housings,  supplies  of  pure 
drinking  water,  hospitals  for  treatment  and  isolation  and  constant 
medical  attendance. 

I.N'CINERATION. 

The  incinciation  of  human  wastes  has  been  a('com])lish(>d  usually 
in  apparatus  adopted  l)y  the  United  States  Arm^'  since  1907  for 
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its  encampments,  in  which  the  material  is  evaporated  in  a  sheet- 
iron  receptacle  having  from  one  to  fom-  seats.  This  process  is 
effective,  but  in  the  hands  of  cheap  labor,  such  as  is  usually 
employed,  the  record  of  absence  from  odors  does  not  compare 
favorably  with  army  practice.  Moreover,  the  apparatus,  being 
originally  designed  to  be  portable,  is  too  light  for  continuous 
hard  driving  under  ignorant  or  careless  management.  The  charges 
for  repairs  and  renewals  have  in  some  cases  been  so  burdensome 
that  modified  furnaces  have  been  designed  and  constructed  by 
some  of  the  contractors  to  overcome  this  objection.  Experience 
on  the  whole  has  shown  it  is  entirely  feasible  to  properly  and 
economically  dispose  of  human  wastes  in  this  manner,  and  that 
the  results  outweigh   complaints  of  odors  which   at  times  arise. 

LIQUID    CAMP    WASTES. 

Liquid  camp  wastes  from  plumbing  fixtures,  such  as  sinks, 
tubs,  showers,  lavatories,  etc.,  are  collected  in  a  system  of  sewer 
pipes,  passed  through  a  grease  trap  and  settling  tank,  thence 
through  a  sand  filter  and  are  finally  treated  with  hj^jochlorite 
of  calcium  solution  before  being  chscharged  into  a  water  course. 

STORM   WATER   RUN-OFF. 

All  rain  water  falling  outside  of  the  man-proof  fence  is  diverted 
by  suitable  ditches.  That  falling  within  is  collected  in  open 
trenches  and  culverts  and  delivered  to  a  sedimentation  basin 
with  earth  banks  and  floor,  having  storage  capacity  for  run-off 
proportional  to  the  size  of  the  camp.  The  outflow  from  these 
T^asins  passes  to  two  or  more  sand  filter  units  designed  to  take 
2|  million  gallons  per  acre  per  daj^  without  negative  head.  The 
■capacity  of  the  sedimentation  basin,  together  with  the  designed 
rate  of  filtration,  is  as  a  rule  about  .8  of  Talbot's  curve  for  run-off 
from  long  heavy  rainfalls.  The  filtrate  is  automatically  treated 
with  hypochlorite  solution  in  proportion  to  the  flow,  and  in  some 
cases  it  is  thereafter  held  for  a  short  period  in  a  timber  retention 
basin  before  being  permitted  to  enter  a  water  course. 
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GARBAGE   AND   MANURE. 

Garbage  is  collected  in  approved  covered  cans  and  daily  re- 
moved to  a  pit  having  a  central  masonry  cone  and  there  destroyed 
by  combustion. 

Stable  manure  is  not  permitted  to  accunuilate  but  is  collected 
dail}^  and  either  burned  or  disposed  of  for  fertilizing  purposes. 

MEDICAL. 

Each  camp  has  a  medical  officer  always  on  call,  whose  duty  it 
is  to  physically  examine  all  applicants  for  work  and  to  vaccinate 
all  persons  admitted  to  the  camps  and  works.  The  certificate 
of  vaccination  issued  by  him  to  an  applicant  is  good  on  all  Board 
of  Water  Supply  work  for  one  year.  The  physician  is  also  required 
to  provide  medicine  for  and  to  treat  all  camp  inmates  and  laborers 
needing  medical  and  surgical  aid.  Each  camp  hospital  contains 
a  dispensary,  an  operating  room,  a  bath,  a  room  for  nurse  or 
orderly,  and  a  ward  with  beds  for  two  per  cent,  of  the  force  and 
600  cu.  ft.  of  space  for  each  bed.  There  is  also  a  small  detention 
ward  for  temj^orary  isolation  and  observation  purposes.  The 
entire  building  is  steam  heated  and  lighted  by  electricity.  It 
is  the  physician's  further  duty  to  supervise  all  sanitary  works 
and  to  enforce  the  observance  of  sanitarj^  regulations.  He  is 
required  to  present  a  weekly  health  report,  giving  the  camp 
population,  the  names  and  addresses  of  all  employees  residing 
out  of  camp  (these  include  as  a  rule  only  the  higher  grades  of 
labor),  an  itemized  statement  of  surgical  and  medical  cases,  with 
transfers  and  deaths,  the  number  of  persons  admitted  to  camp 
and  works,  the  number  admitted  by  vaccination  or  certificat(\ 
also  the  sanitary  and  health  conditions  of  cam])  and  employees 
at  th?  date  of  the  report.  . 

The  presence  of  the  force  of  aqueduct  police  along  the  line;  of 
the  work  is  of  very  great  assistance  in  enforcing  sanitary  conduct 
and  in  effecting  rigid  isolation  and  quarantine  when  required. 

CAMP   BUILDINGS. 

Previous  to  the  constructioji  of  the  cam])  the  contractor  is 
required  to  submit  a  layout  i)lan  indicating  the  number,  character, 
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and  arrangement  of  the  buildings  to  be  erected,  together  with 
detailed  plans  of  all  structures.  These  include  dormitories, 
mess  halls  and  kitchens,  wash  houses  for  laundry  and  lavatorj^ 
purposes,  hospitals  for  treatment  and  isolation,  stables,  sanitaries 
or  toilet  l)uildings,  etc.  All  buildings  are  detached,  having  light 
on  four  sides  and  sufficiently  close  to  produce  a  compact  camp 
without  crowding. 

Tlie  dormitories  are,  as  a  rule,  one-story  structures  with  a  central 
corridor  extending  the  entire  length  thereof,  with  rooms  for  two 
or  four  men  opening  from  it.  One  recreation  or  lounging  room  is 
usually  provided  in  each  building.  The  interior  partitions  are 
usually  dwarfed,  terminating  at  the  plate  line  with  wire  netting 
or  slats  above  this  line  to  the  roof,  on  the  peak  of  which  one  or 
more  louvered  ventilators  are  placed,  according  to  the  length  of 
the  building.  Each  inmate  is  provided  with  a  separate  bed,  bunk, 
or  cot,  and  has  400  cu.  ft.  of  space.  The  window  area  is  about  3 
sq.  ft.  per  person,  and  the  vent  area  is  about  ^  sq.  ft.  per  person. 
The  buildings  are  heated  by  stoves  or  steam  coils,  and  are  usually 
lighted  b}^  electricity.  The  inmates  are  expected  to  keep  their 
rooms  clean,  while  a  cleaning  gang  attends  to  the  corridors  and 
lounging  rooms.  No  eating  or  storage  of  foods  is  permittted  in 
the  dormitory  buildings.  The  mess  halls  and  kitchens  are  in 
separate  rooms,  and  are  suitably  ventilated  and  screened.  Where 
bake  ovens  are  provided  for  Italian  labor,  they  are  housed  to 
give  shelter  and  to  facilitate  cleaning. 

The  wash  houses  have  concrete  floors  and  are  provided  with 
laundry  tubs,  hand  basins,  and  shower  baths. 

The  treatment  and  surgical  liospital  has  already  been  described. 
The  isolation  hospital  is  a  simple  building  with  ward  space,  600 
cu.  ft.  for  one  per  cent,  of  the  force,  together  with  a  kitchen 
and  bed-room  for  nurse  or  orderly.  This  building  is  surrounded 
by  a  man-proof  fence,  for  purposes  of  quarantine  during  sickness 
and  convalescence. 

The  stables  have  concrete  or  other  non-absorbent  floors  which 
are  suitably  drained.  With  respect  to  size  and  ventilation  they 
are  carefully  designed  and  compare  favorabh'  with  the  other 
camp  buildings. 

The  sanitaries  have  concrete  floors  and  screened  window,  door, 
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and  vent  openings.  The  incinerators  installed  therein  were  all 
originally  of  the  army  type.  In  some  instances  these  are  now 
being  superseded  by  removable  water-tight  receptacles  which 
are  frequently  collected  and  emptied  into  an  isolated  furnace, 
in  which  a  fire  is  kept  constantly  burning.  When  such  recep- 
tacles are  to  be  used,  a  preferable  plan  is  that  adopted  on  some  of 
the  more  recent  contracts,  where  the  furnace  is  housed  in  the 
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same  building,  thereby  avoiding  transporting  the  cans  through 
the  camp. 

All  of  the  buildings  herein  mentioned  are  timber  structures 
with  the  floor  beams  raised  above  the  ground  level.  The  covering 
is  of  clapboards  or  rough  sheathing  covered  with  rubberoid  or 
similar  material. 

Water  supplies  for  camp  purposes  must  be  from  sources  approved 
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after  careful  analysis.    It  is  provided  under  pressure  from  suitable 
storage  tanks. 

SPECIAL    PRECAUTIONS. 

Incinerator  plants  are  located  at  shafts  and  portals  and  along 
the  line  of  the  works,  or  else  portable  water-tight  receptacles 
are  provided  and  brought  into  camp  daily  for  incineration  of 
contents. 

Realizing  that  the  undetected  commission  of  nuisances  is 
more  likely  to  occur  in  tiie  tunnels  than  above  ground,  all  mine 
water  as  well  as  the  rain  wash  from  spoil  banks  is  collected,  filtered 
and  treated  with  hypochlorite  solution  in  proportion  to  the  flow 
before  allowed  to  enter  the  streams.  In  some  cases  it  has  been 
found  more  convenient  to  treat  constantl}'  the  entire  flow  of  the 
stream  with  hypochlorite  solution. 

Where  it  has  been  possible  without  too  great  inconvenience  to 
locate  a  camp  off  the  watershed,  this  precaution  has  been  followed, 
as  in  the  case  of  labor  camp  for  Kensico  Dam.  In  this  contract 
the  additional  precaution  was  taken  to  prohibit  so  far  as  possible 
the  use  of  animals  where  traction  engines  and  machinery  could 
be  used.  In  connection  with  this  contract,  some  fifty  to  sixty 
dwellings  within  or  adjacent  to  the  future  flooded  area  have  been 
destroyed  after  purchase  by  the  city  in  order  that  their  occupancy 
by  undesirable  tenants  might  be  effectively  prevented. 

A  system  of  laboratory  diagnosis  of  important  diseases  has  been 
provided  whereby  samples  of  sputum,  membrane,  blood,  faeces, 
etc.,  may  be  promptly  examined  and  effective  means  taken  for 
controlling  the  disease.  Where  messages  relating  to  these  diseases 
are  transmitted  by  telephone  or  telegraph,  a  prescribed  code 
is  used. 

RESULTS. 

During  the  year  1910  the  average  number  of  workmen  and  camp 
inmates  occupying  the  Croton  and  J^ronx  watersheds  was  2  3(Jo. 
The  death-rate,  exclusive  of  violent  deatiis,  was  4.4  jier  1  000. 
There  were  no  cases  of  typhoid  among  tlu^  contractor's  employees, 
and  but  one  case  among  camp  imuates.      These  records    corre- 
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spond  substantially  with  statistical  results  from  about  15  OOO 
employees  on  the  entire  line  of  work. 

The  expense  of  carrying  out  this  great  plan  of  sanitation  and 
preventive  medicine  has  necessarily  been  large,  and  it  is  hoped 
the  final  results  will  fully  justify  the  expenditure  and  effort.  If 
such  be  the  case,  the  future  problems  that  engineers  and  contract- 
ors on  large  isolated  construction  work  must  consider  will 
include  similar  precautions  and  observances.  If  it  is  worth  what 
it  costs,  it  must  gradualh'  become  general  practice,  and  in  order 
that  its  application  may  not  be  unfair  or  burdensome,  the  contractor 
must  be  furnished,  before  presenting  his  bid,  with  definite  and 
specific  information  regarding  the  nature  and  extent  of  the  duties 
and  obligations  to  be  imposed  on  him. 

Each  enterprise  will  present  its  own  peculiar  conditions,  and  these 
will  have  to  be  carefully  thought  out  in  advance.  The  mere 
formulation  of  sanitary  rules  and  legulations  will  ordinarilj^  be 
entirely  ineffective  unless  provision  is  made  for  their  enforcement 
by  painstaking  inspection.  Trained  men  of  suitable  tempera- 
ment are  required  for  this  work. 

The  application  of  the  essential  features  descril)ed  in  this  paper 
are  not  confined  to  municipal  or  governmental  contract  work, 
but  apply  as  readily  to  mining,  lumber,  railroad,  and  recreation 
camps,  expositions,  and  military  and  religious  encampments 
and  other  places  where  numerous  people  are  required  to  be  housed 
and  maintained  in  temporary  quarters.  Previous  history  shows 
that  wherever  attempt  has  been  made  to  congregate  the  habita- 
tions of  more  than  a  very  limited  number  of  human  beings  or 
animals,  there  results  a  natural  tendency  toward  destruction  of  the 
colony  by  its  own  discharges  and  waste  products.  This  tendency 
is  largely  controlled  by  the  introduction  of  suitable  sewerage  under 
proper  conditions,  but  where  sewerage  systems  could  not  or  have 
not  been  installed,  as  in  temporary  encampments,  such  as  have  been 
mentioned,  history  records  in  substantially  all  instances  the  general 
prevalence  of  fever  and  pestilence,  diseases  now  considered  un- 
necessary and  preventable.  Investigation  made  subsequent  to  the 
Spanish  War  showed  that  more  than  90  per  cent,  of  the  United 
States  volunteer  regiments  developed  typhoid  fever  within  eight 
weeks  after  going  into  camp,  and  that  al)out  one  fifth  of  the  soldiers 
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in  the  national  encampments  contracted  typhoid  fever,  and  that 
the  mortaUty  from  this  chsease  amounted  to  more  than  86  per 
cent,  of  all  the  fatalities. 

Within  the  past  few  years,  however,  it  has  been  conclusively 
shown  that  these  results  are  entirely  unnecessary  and  that  with 
suitable  precaution  temporary  encampments  can  be  maintained 
without  prevalence  of  disease  exceeding  that  of  the  best-regulated 
cities  and  towns. 
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THE   HUDSON    HIM:R   CROSSING    OF   THE   CA^SKILL 

AQUEDUCT. 

BY    ROBERT    RIDGWAY,  DEPARTMENT  ENGINEER,   BOARD   OF  WATER 
SUPPLY,    CITY    OF    NEW    YORK. 

[Read  September  13,  1911.] 

It  is  generally  known  that  the  city  of  New  York  is  going  to  the 
Catskill  Mountains  for  an  additional  supply  of  water  and  that 
construction  work  on  the  jiroject  is  well  advanced  towards  com- 
pletion. The  source  of  this  supph'  and  the  point  of  cUstribution 
being  on  opposite  sides  of  the  Hudson  River,  that  tidal  stream 
must  be  crossed  by  the  great  aqueduct  of  500  million  gallons  daily 
capacity  that  is  to  bring  the  water  to  the  city. 

Not  only  has  the  problem  of  the  river  crossing  engaged  the 
earnest  attention  of  the  engineers  of  the  board,  but  it  has  at- 
tracted the  notice  of  the  general  ]5ublic  as  well.  In  fact,  the  latter 
has  probably  shown  more  interest  in  it  than  in  any  other  engineer- 
ing feature  of  the  board's  work. 

The  purpose  of  this  paper  is  to  describe  in  a  general  wa^'  the 
problem  and  the  field  studies  which  determined  the  location  of  the 
crossing,  as  well  as  some  features  of  the  construction.  It  is  not 
intended  to  go  into  the  details  of  the  several  phases  of  the  work,  as 
the  scope  of  the  paper  will  not  permit  it.  A  detail  description  of 
the  field  work  is  admirably  presented- in  a  paper  entitled  "  Studies 
and  Ex])lorations  for  the  Hudson  River  Crossing  of  the  Catskill 
Aqueduct,"  pre}:)ared  by  Messrs.  Samuel  D.  Dodge  and  William 
B.  Hoke,  Assistant  Engineers,  Board  of  Water  Supply,  for  the' 
Municipal  Engineers  of  the  C'ity  of  New  York,  and  ])ublisho(l  in 
the  1910  Proceedings  of  that  society.  The  details  of  design  of 
tunnels  of  the  type  adopted  for  the  Hudson  River  crossing  ariv 
described  in  a  paper  entitletl  "  Tlu^  Design  of  Pressure  Tunnels 
of  the  Catskill  Aqueduct,"  by  Mr.  Thomas  H.  Wiggin,  Senior 
Designing  Engineer,  Boanl  of  Water  Sup])ly,  and  jiublished  in 
the  1909  Proceedings  of  the;  same  society. 
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The  Board  of  AVater  Supply,  which  is  charged  by  Chapter  724 
of  the  Laws  of  1905  with  the  duty  of  securing  the  much-needed 
additional  supply  of  ''  pure  and  wholesome  "  water,  was  organized 
in  the  summer  of  that  year,  and  in  the  following  autumn,  on  the 
recommendation  of  its  chief  engineer,  Mr.  J.  Waldo  Smith,  a 
vice-president  of  this  Association,  decided  on  the  Catskill  sources. 

The  general  plan,  briefly  stated,  Avas  to  develop  the  watersheds 
of  Esopus,  Rondout,  Schoharie,  ancl  Catskill  creeks  in  the  order 
named,  together  with  a  number  of  smaller  sheds  adjacent  to  them; 
to  build  an  aqueduct  of  500  million  gallons  daily  capacity  from 
the  Esopus  Creek  to  a  distriluiting  reservoir  at  Hill  Mew  near  the 
city  line;  a  storage  reservoir  of  40  000  million  gallons  capacity  near 
Valhalla,  14  miles  north  of  Hill  View,  known  as  the  Kensico 
Reservoir;  and  trunk  conduits  to  the  boroughs  of  the  Bronx, 
Brooklyn,  Queens,  and  Richmond. 

The  importance  of  the  river  crossing  was  early  realized.  In  his 
report  to  the  board  of  October  7,  1905,  the  chief  engineer  referred 
to  it  in  this  language : 

"  The  crossing  of  the  Hudson  River  by  the  500-million-gallon 
aqueduct  is  one  of  the  most  important  matters  for  immediate 
consideration,  and  borings  were  begun  recently  to  determine  the 
character  of  substrata  at  the  point  where  the  surface  indications 
give  the  greatest  promise  of  favorable  concUtions.  The  work  of 
boring  is  now  in  progress. 

"  Studies  on  the  surface  of  the  ground  have  indicated  that  it 
will  be  feasible  to  locate  this  crossing  near  the  village  of  New 
Hamburg,  as  shown  by  the  accompanying  map. 

"  Either  one  of  several  types  of  river  crossing  may  be  made, 
according  to  the  character  of  the  bed  of  the  river  revealed  l)y  the 
borings." 

The  type  of  structure  to  be  used  for  the  crossing  was  given  early 
consideration.     Among  other  types  so  considered  were: 

1.  A  bridge  at  or  below  hydraulic  gradient.  The  height  of 
such  a  bridge  was  limited  by  the  hydraulic  gradient,  al^out  410 
ft.  above  the  river,  and  the  clearance  which  would  be  demanded  by 
the  War  Department,  probably  135  ft.  above  high  water.  Unless 
a  pier  was  permitted  in  the  channel,  the  span  of  the  bridge  would 
be  at  least  2  000  ft.  at  the  narrowest  location  considered. 
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2.  Steel  or  cast-iron  pipes  laid  in  the  bed  of  the  stream.  Several 
lines  of  the  largest  practical )le  sizes  would  be  required,  both  to 
obtain  the  necessary  capacity  and  to  insure  safety.  The  latter 
consideration  would  also  demand  that  the  several  lines  be  laid  a 
reasonable  distance  apart  so  that  if  one  should  break  under  the 
high-service  pressure  it  would  not  injure  the  others. 

3.  One  or  more  tuimels  driven  by  use  of  compressed  air  through 
the  mud  of  the  river  bottom.  The  depth  of  such  tunnels  would  be 
limited  by  the  pressure  under  which  the  men  constructing  them 
could  work,  —  not  much  over  100  ft.  below  tide.  This  construction 
would  require  a  location  where  the  depth  of  water  was  such  as  to 
provide  a  natural  or  ])ermit  an  artificial  covering  for  the  tunnel 
during  the  driving  of  the  latter.  The  ordinary  cast-iron  lining 
employed  for  transportation  tunnels  of  this  type  of  construction 
would  not  be  sufficient  against  the  enormous  bursting  pressure 
of  the  aqueduct  tunnel.  If  such  a  lining  was  needed  as  a  means  of 
construction,  an  additional  inner  lining  of  steel  would  bo  necessary 
before  putting  the  aqueduct  in  service. 

4.  A  tunnel  deep  enough  in  sountl  rock  to  be  secure  against  a 
break  from  internal  pressure,  lined  with  masonry  to  provide  better 
hydraulic  properties,  and  made  tight  against  outward  leakage 
through  seams  which  might  exist  in  the  rock. 

After  careful  consideration  the  rock  tunnel  type  was  early 
decided  on  for  reasons  of  safety,  durability,  and  economy.  This 
Unpe  has  come  to  be  known  as  a  "  pressure  tunnel,"  and  is  so  called 
on  the  Catskill  work  to  distinguish  it  from  tunnels  located  on  the 
hydraulic  gradient,  which  are  known  as  "  grade  tunnels." 

With  the  question  of  type  thus  decided,  efforts  were  directed 
towards  finding  the  Ix'st  location  for  the  river  crossing.  It 
should  be  remembered  that  in  determining  the  location,  weight 
had  to  be  given  to  the  land  apjiroaches  as  well  as  to  th(>  river 
crossing  itself;  for  instance,  the  advantages  of  a  certain  crossing 
might  ])e  apparent  wIhmi  consider(ul  by  itself,  but  the  land  con- 
struction leading  to  it  might  be  so  ex]){>nsive  or  otherwise  objec- 
tionable as  to  destroy  these  advantages.  This  is  made  clear  when 
it  is  realized  that  the  extreme  locations  seriously  considered  for  th(^ 
crossing  were  22  miles  a])art,  and  that  a  change  from  one  extreme 
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to  the  other  would  affect  tlie  location  of  more  than  40  miles  of 
aqueduct. 

In  search  of  the  crossing  the  river  was  studied  from  Pegg's 
Point,  2|  miles  north  of  New  Hamburg,  to  Anthony's  Nose,  in  the 
lower  part  of  the  Highlands.  A  preliminary  study  showed  that 
any  crossing  north  or  south  of  these  points  would  mean  a  lengthen- 
ing of  the  total  line  of  the  aqueduct,  and  consequently  greater 
expense  in  construction  and  maintenance,  without  compensating 
advantages.     (See  Fig.  1.) 

The  lines  considered  as  the  most  favorable  ones  formed  them- 
selves into  two  distinct  groups,  called  for  convenience  the  "  New 
Hamburg  group  "  and  the  "  Highland  group."  The  former  in- 
cluded as  its  most  desirable  routes  those  crossing  at  Pegg's  Point, 
New  Hamburg,  and  Danskammer  Point,  and  similarly  the  High- 
land group  included  the  Plum  Point,  Storm  King,  Little  Stony 
Point,  West  Point,  and  Anthony's  Nose  routes,  so  called  from 
the  localities  where  they  crossed  the  river.  Between  the  two  groups 
inentioned  the  topography  did  not  lend  itself  to  a  favorable  cross- 
ing. The  river  was  broader,  reaching  a  maximum  width  of  more 
than  1^  miles  in  Newburgh  Bay,  and  the  land  approaches  were 
not  so  favorable  as  those  north  and  south  of  this  gap. 

The  first  general  route  for  the  Catskill  Aqueduct,  laid  down 
tentatively  in  1905,  contemplated  that  the  water  would  be  drawn 
from  the  east  end  of  the  Ashokan  Reservoir,  in  the  Esopus  water- 
shed, near  West  Hurley.  This  brought  the  New  Hamburg  group 
into  prominence,  as  a  crossing  in  their  vicinity  would  mean  a  far 
more  direct  line  than  would  any  crossing  in  the  Highlands.  This 
advantage  of  the  New  Hamburg  group  disappeared  to  some  extent 
when  further  studies  in  more  detail  showed  the  advisability  of 
locating  the  headworks  of  the  aqueduct  near  Brown's  Station  at 
the  dividing  wall  between  the  two  basins  of  the  teservoir.  In 
addition,  subsurface  explorations  made  in  the  meantime  for  the 
pressure  tunnel  crossings  of  the  Rondout  and  Wallkill  vallej^s 
indicated  better  geological  conditions  farther  upstream  than  at 
the  crossings  first  proposed.  Similar  explorations  in  the  valley  of 
Fishkill  Creek  on  the  east  side  of  the  Hudson  showed  the  presence 
there  of  a  zone  of  disintegrated  limestone  extencUng  to  a  great 
depth,   which  it  would  be   advisable  to   avoid  with   a  pressure 


Fi(..    1. 


IMjINCIPAI-    KOITIOS    STLII)IKI>    K01{    ("ATSKIM,    Al^l    KIH  (    I,    N()IMlli;UN 

Ai^iKDrcT    1)i:i"ai;imi;nt. 


322  HUDSON    RIVER    CROSSING    OF    CATSKILL   AQUEDUCT. 

tunnel.  This  valley  would  not  have  to  be  traversed  if  the  crossing 
of  the  river  could  be  made  in  the  Highlands.  With  these  and  other 
considerations  in  mind  it  was  shown  that  any  one  of  the  Highland 
routes  would  be  substantially  cheaper  to  construct  than  the  Pegg's 
Point  route,  regarded  as  t-lie  most  desirable  one  of  the  New  Ham- 
burg group. 

Among  other  features  sought  for  the  crossing  proper  were,  (1) 
favorable  geological  conditions,  (2)  a  narrow  channel,  and  (3)  a 
shallow  bedrock  gorge.  The  Highland  routes  had  no  decided 
advantage  in  regard  to  the  narrow  channel,  and  the  depth  of  the 
bedrock  gorge  was  supposed  to  be  greater  there  than  in  the  vicinity 
of  New  Hamburg.  The  advantages  from  a  geological  point  of 
view,  however,  were  with  the  Highland  group. 

The  geological  features  of  the  problem  were  carefully  studied 
and  reported  on  by  the  board's  consulting  geologists,  Prof.  W.  0. 
Crosby,  of  the  Massachusetts  Institute  of  Technology,  and  Prof. 
James  F.  Kemp  and  Dr.  Charles  P.  Berkey,  of  C-olumbia  Univer- 
sity. Dr.  Berkey,  in  a  report  published  as  New  York  State 
Museum  Bulletin  146,  entitled  "  Geology  of  the  New  York  City 
(Catskill)  Aqueduct,"  explains  the  problem  and  gives  the  results  of 
his  stucUes  of  it  in  a  very  interesting  form. 

It  was  essential  that  the  rock  surrounding  the  tunnel  be  not  only 
strong  and  watertight,  but  durable.  Limestone  especially  was  a 
formation  to  be  avoided  if  practicable,  because  of  its  uncertain 
characteristics  and  its  tendency  to  develop  caves  and  fissures.  At 
any  one  of  the  New  Hamburg  crossings  the  tunnel  or  the  shafts 
Avould  have  to  penetrate  this  rock.  At  the  West  Point  and 
Anthony's  Nose  crossings  the  presence  of  limestone  under  the 
river  bed  was  suspected,  although  not  proved.  At  the  Storm 
King  and  Little  Stony  Point  locations,  however,  there  was  every 
indication  that  granitic  gneiss  formed  the  entire  rock  floor  of  the 
river,  of  the  same  excellent  quality  as  that  found  on  both  shores. 
This  favorable  condition  carried  considerable  weight  in  decicUng 
on  the  location. 

A  careful  sunnning  up  of  the  advantages  and  disadvantages  of 
the  various  routes  resulted  in  the  adoption  of  the  line  crossing  the 
river  from  Storm  King  Mountain  on  the  west  to  Breakneck 
Mountain  on  the  east  side.    Since  the  summer  of  1906,  therefore, 
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work  luis  been  in  progress  at  this  crossing  and  its  land  connections, 
preparing  for  and  carrying  on  the  construction. 

The  Hudson  River  crossing,  as  finally  located,  is  part  of  one 
long  inverted  siphon  extencUng  from  the  point  where  the  aqueduct 
leaves  the  hydraulic  gradient  at  the  downtake  shaft  of  the  Moodna 
siphon,  nearly  5  miles  northwest  of  the  crossing,  to  the  uptake  shaft 
on  the  slope  on  Breakneck  Mountain,  a])out  800  ft.  east  of  the  cross- 
ing.    (See  ,Fig.  2.)      Th(?  total  knigth  of  this  pressure  section  of 
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Aqueduct. 


tunnel,  including  the  river  crossing,  is  29  015  ft.,  or  5.5  miles.  The 
downtake  shaft  drops  594  ft.  l)elow  hydraulic  gradient  to  eleva- 
tion— 160.34.  The  tunnel  descends  thence  on  grades  varying  from 
—  2%  to  0%  to  the  Avest  shaft  of  the  river  crossing,  which  it  meets 
at  elevation —228.72.  This  shaft  (h'ops  to  elevation  —1111.  The 
river  tunnel  drops  3  ft.  more  to  its  junction  with  the  east  shaft  to 
elevation  — 1114.  The  Avatcr  will  rise  in  the  east  shaft  to  the  land 
tunnel  at  elevation  —192,  which  is  level  to  the  uptake  shaft  on 
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Breakneck,  and  will  rise  in  the  latter  602.22  ft.  to  hydraulic  grade. 
The  tunnel  elevations  here  given  refer  to  the  invert  grades.  It 
should  be  noted  in  passing  that  all  the  levels  of  the  Board  of  Water 
Supply  are  referred  to  the  datum  plane  of  the  United  States  Coast 
and  Geodetic  Survey,  which  is  mean  sea  level  at  Sandy  Hook. 
All  of  the  permanent  shafts  of  the  tunnels,  are  circular.  The 
Moodna  tunnel  and  downtake  shaft  will  be  finished  14  ft.  2  in.  in 
diameter;  the  other  shafts  and  tunnel,  14  ft.  in  diameter.  The 
tunnel  and  permanent  shafts  will  be  lined  with  concrete.  The 
hydraulic  gradient  at  the  river  crossing  is  approximately  410  ft. 
above  tide,  or  nearly  twice  as  high  as  the  floor  of  the  railroad 
bridge  crossing  the  river  at  Poughkeepsie,  which  is  about  212  ft. 
above  tide.  Shaft  7  of  the  Moodna  siphon  will  be  maintained  as 
a  permanent  shaft  so  that  access  may  be  had  to  the  tunnel  on  the 
west  side  of  the  river  in  the  vicinity  of  the  crossing.  This  paper 
is  devoted  particularly  to  that  portion  of  the  long  siphon  between 
the  river  shafts,  or  the  river  crossing  itself. 

The  location  selected  is  at  the  "  north  gateway  of  the  High- 
lands," one  of  the  most  picturesque  points  along  the  Hudson.  The 
almost  precipitous  granite  slopes  of  Storm  King  and  Breakneck, 
each  rising  over  1  200  ft.  above  the  river,  encroach  on  the  channel, 
contracting  it  to  a  width  of  2  800  ft.  between  shore  lines.  There 
Nature  has  left  nothing  to  be  improved  upon,  and  any  structure 
that  man  could  build  would  onl.y  tend  to  mar  the  spot.  The 
spanning  of  the  channel  with  a  bridge  would  be  regarded  by  many 
almost  as  a  sacrilege. 

On  the  line  selected  the  rock  outcrops  down  to  the  water's  edge. 
The  river  reaches  a  maximum  depth  of  85  ft.  about  one  third  of  the 
way  out  from  the  west  shore.  The  ordinary  tides  have  a  range  of 
nearly  3  ft.,  the  mean  level  being  from  0.75  ft.  to  2.25  ft.  above 
mean  sea  level,  depending  on  the  season  of  the  year  and  the  flow 
of  fresh  water  from  above.  The  water  is  comparatively  fresh  in 
the  spring  of  the  year  when  the  river's  tributaries  are  flowing  full. 
At  such  times  it  is  available  for  boiler  use.  As  the  season  advances 
and  the  supply  of  fresh  water  diminishes,  the  salt  water  is  carried 
farther  and  farther  up  the  river  with  the  tides  and  the  water 
becomes  brackish,  particularly  at  flood  tide.  Analysis  of  a  sample 
taken  at  flood  tide  on  August  15,  1911,  showed  1  380  parts  per 
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million  of  c-hlorine  and  2  978  parts  total  solids,  while  a  sample 
taken  June  12,  1911,  at  end  of  the  ebb  tide  showed  14.5  parts 
chlorine  and  111  i)arts  total  solids. 

Dr.  Berkey  in  the  bulletin  mentioned  refers  to  the  Storm  King 
location  as  follows,  on  page  101: 

"  This  is  wholly  in  massive  and  gneissoid  granite.  'I'he  rock 
is  the  most  massive  and  substantial  body  of  uniform  type  found 
in  the  Highlands.  The  course  of  the  river  indicates  some  weakness 
in  that  direction.  This  weakness  may  be  some  minor  crushed 
zone  or  even  the  jointing  alone  that  prevails  throughout  the 
exposed  cliffs.  But  there  is  no  direct  evidence  of  faulting,  cutting 
the  line,  and  such  crushing  as  may  be  encountered  is  l)elieved  to 
have  originated  at  such  depth  and  under  such  conditions  as  to 
cause  no  larg(>  disturbance.  The  freedom, of  this  formation  from 
all  bedding  structures  and  natural  courses  of  underground  water 
circulation  on  a  large  scale  is  an  additional  factor.  There  is 
absolutely  no  other  place,  mthin  the  region,  where  the  Hudson 
River  can  be  crossed  from  grade  to  grade  in  good  ground  of  a  single 
type  with  so  great  probability  of  avoiding  all  large  lines  of 
(Usplacement." 

And  on  page  lOO: 

"  The  rock  of  Storm  King  Mountain  and  of  Breakneck  Ridge 
at  the  Hudson  River  crossing  is  a  very  hard  granite  with  a  gneiss- 
oid structure  of  variable  prominence.  The  color  varies  from 
grayish  to  light  reddish  and  the  structure  is  always  coarse  passing 
into  pegmatite  facies  that  occur  as  stringers  or  irregular  veinlets. 
The  grayish  facies  is  of  slightly  finer  grain  and  more  gneissoid. 
Those  portions  that  have  been  shearecl  are  still  darker.  There 
are  many  joints  at  the  surface  running  at  various  angles  and  an 
occasional  slickensided  surface.  The  mass  is  cut  by  several 
dikes  of  more  basic  rock  (diorite)  of  witlths  varying  from  a  few 
inches  to  eight  feet.  These  dikes  are  somewhat  more  closely 
jointed  than  the  granite  and  consequently  a  little  more  readily 
attacked  by  the  weather.  But  where  jirotected  they  are  equally 
substantial  for  underground  work. 

"  The  chief  variation  from  this  condition  is  where  crushing 
or  .shearing  has  induced  metamorphic  changes.  Wherever  bed 
rock  has  been  reached  at  this  point  and  to  such  dejiths  as  workings 
have  ]ienetrated  the  rock  is  of  this  typ(\" 

With  the  type  of  structure  and  the  location  of  \\\v.  crossing 
decidiul  on,  it  remained  to  fix  the  de})th  of  the  tunnrl  below  the 
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river  bed  and  to  work  out  the  designs  of  tlie  tunnel  and  its  ap- 
purtenances. The  explorations  to  determine  the  depth  were 
made  by  means  of  (1)  wash  borings,  (2)  vertical  and  inclined  core 
borings  on  the  shores  and  vertical  core  l)orings  in  the  channel  of 
the  river,  and  (3)  test  shafts  on  the  shores  of  the  river  from  cham- 
bers in  the  sides  of  which  inclined  diamond  drill  borings  were 
drilled  under  the  bed  of  the  river. 

Early  in  the  progress  of  the  exj^lorations,  before  the  location 
was  determined,  agreements  were  made  for  putting  down  wash 
borings  and  core  borings  in  the  channel  and  along  the  shores. 
The  wash  borings  were  practically  finished  and  the  core  borings 
were  begun  before  a  decision  as  to  the  location  of  the  crossing, 
was  made. 

Under  agreement  with  Mr.  F.  W.  Miller,  of  New  York,  wash 
borings  were  made  on  fourteen  cross-sections  of  the  river  for  the 
purpose  of  getting  preliminary  information  as  to  the  depth  of  the 
-material  overlying  the  rock.  The  outfit  required  for  them  was  a 
small  scow  carrying  a  derrick  and  hand  winch  and  a  hand  pump, 
together  with  the  necessary  wash  rods  and  casings.  They  could  be 
made  quickly  l)ut  only  to  limited  de])ths,  100  to  200  ft.,  where  they 
were  stopped  by  bowlders  or  hard  material.  Sometimes  two  or 
three  such  holes  could  be  put  down  in  a  day.  Usually  the  casing 
was  only  washed  down  30  ft.  or  so  in  the  mud  of  the  river  bottom, 
far  enough  to  guide  the  1  in.  wash  rod,  the  latter  going  down  the 
rest  of  the  way  without  any  casing.  Under  such  conditions  it 
was  not  practicable  to  use  powder  when  an  obstacle,  such  as  a 
bowlder,  was  met,  as  the  casing  did  not  extend  far  enough  down  to 
maintain  the  hole  when  the  powder  was  exploded.  Only  negative 
results  were  obtained,  showing  that,  ledge  rock  did  not  exist  above 
the  bottoms  of  the  holes.  It  was  not  advisable  to  use  any  more 
careful  or  painstaking  methods  with  these  wash  borings,  as  no 
positive  information  of  the  position  of  the  rock  could  have  been 
obtained  l^y  means  of  them  alone.  They  cannot  be  relied  upon 
for  this  purpose.  A  set  of  holes  put  down  on  the  present  Storm 
King  line  reached  consistent  depths  of  about  160  ft.  It  would 
have  been  unfortunate  had  these  results  been  accepted  as  showing 
the  position  of  the  rock.  The  core  borings  made  afterwards 
proved  it  to  be  at  least  768  ft.  deep. 
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In  addition  to  a  number  of  diamond  cb'ill  borings,  inclined  and 
vertical,  made  on  the  shores  of  the  river  at  Pegg's  Point,  New 
Hamburg,  and  Storm  King  to  ascertain  the  character  and  forma- 
tion of  the  rock,  vertical  core  borings  were  made  in  the  channel  on 
three  cross-sections,  viz.,  Pegg's  Point,  Little  Stony  Point,  and 
Storm  King.  All  of  this  work  was  done  by  contractors  under 
agreements  with  the  board. 

At  Pegg's  Point  three  holes  reached  and  penetrated  rock  at 
depths  of  92  ft.,  241  ft.,  and  165  ft.  respectively.  Two  of  them 
were  in  Hudson  River  shale,  a  sedimentary  rock  composed  of 
alternate  layers  of  slate  and  sandstone,  and  one  in  the  formation 
known  as  Wappinger's  limestone.  The  distance  between  the  two 
holes  of  92  ft.  and  241  ft.  depths  was  1  040  ft.  In  this  gap  was 
the  fault  line  which  follows  the  river  at  this  ]5oint,  wliere  the 
preglacial  gorge  was  probably  much  deeper  then  the  depths 
reached  by  the  ch-ills. 

At  Little  Stony  Point  three  core  borings  were  started  in  the  season 
of  1906,  but  were  not  successful  in  reaching  rock.  One  of  them  was 
lost  by  action  of  the  elements,  one  by  accident,  and  one  was  aban- 
doned when  it  was  found  advisable  to  concentrate  work  on  the 
Storm  King  line. 

Naturalh^  most  of  the  river  core  borings  have  been  made  on  or 
in  the  vicinity  of  the  line  at  Storm  King  on  which  the  tunnel  is 
now  being  driven.  Here  12  holes  were  started;  3  of  them  reached 
and  penetrated  ledge  rock,  2  were  lost  through  action  of  the  ele- 
ments, 2  Avere  destroyed  by  toAvs  navigating  the  river,  and  5  Avere 
abandoned  for  one  reason  or  another  before  they  had  reached 
ledge.  These  borings  develoi)ed  in  a  fairly  satisfactory'  way  the 
rock  profile  for  a  distance  of  800  ft.  from  the  east  shore.  Beyond 
this  point  nearly  to  the  outcrops  on  the  west  shore  the  rock  profile 
is  not  positively  known.  The  river  holes  were  unsuccessful  in 
proving  it,  and  gave  only  negative  information  of  its  position; 
that  is,  that  it  was  below  the  depths  reached  by  the  borings.  One 
of  these  holes  located  in  the  middle  of  the  channel  reached  a  depth 
of  768  ft.  last  December,  when,  after  two  seasons'  work.  ojXM-ation.-; 
were  discontinued  on  account  of  the  approach  of  winter.  At  this 
depth  the  casing  was  in  a  nest  of  bowlders  which  ])ossibl\  immedi- 
ately overlie  the  ledge. 
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The  difficulties  of  making  such  borings  in  the  channel  of  a  navig- 
able river  were  verygreat.  Among  other  factors  affecting  the  work 
should  be  noted  the  depth  of  the  water,  which,  as  before  stated, 
reached  a  maximum  of  85  ft.,  the  necessity  of  doing  most  of  the 
work  from  floating  platforms,  the  varying  currents  induced  by  the 
tides,  and  the  danger  from  storms  and  the  collision  of  river  craft. 
Considering  the  character  of  the  work  and  the  conditions  under 
which  it  was  necessarily  done,  it  is  perhaps  not  remarkable  that 
more  successful  results  were  not  obtained.  Generally  speaking, 
the  material  lying  between  the  water  and  ledge  is  silt  and  clay, 
then  a  mixture  of'sand  and  clay  with  gravel  increasing  in  coarse- 
ness with  the  depth,  and  bowlders.  (Plate  I,  Fig.  2.)  Little 
trouble  was  encountered  in  putting  down  the  holes  until  a  depth 
of  between  300  ft.  and  400  ft.  was  reached,  when  the  bowlders 
interfered  and  caused  delay.  It  was  necessary  to  break  them  up 
with  chopping  bits  or  dynamite  before  the  casing  could  be 
forced  below  them.  At  times  the  diamond  bit  was  used  to  bore 
a  hole  through  a  large  bowlder  which  could  not  be  removed  by  the 
above  means.  Then  it  was  broken  by  powder  put  into  the 
diamond  drill  hole  and  the  shattered  pieces  forced  out  of  the  way 
or  removed.  The  removal  of  such  a  bowlder  was  sometimes  the 
work  of  several  weeks.  When  ledge  was  finally  reached  and  the 
casing  seated  on  it,  most  of  the  troubles  were  considered  to  be 
over,  as  the  drilling  into  it  with  a  diamond  bit  was  a  compara- 
tively simple  matter.  An  excellent  description  of  this  boring 
work  is  found  in  the  paper  of  Messrs.  Dodge  and  Hoke, 
before  mentioned.    The  following  extracts  are  quoted  from  it. 

"  All  of  the  core-boring  work  on  the  river  at  the  Storm  King 
line  has  been  under  Contract  No.  1,  with  the  American  Diamond 
Rock  Drill  Company,  but  has  been  done  by  their  assignees, 
the  Phoenix  Construction  Company. 

"  The  equipment  which  experience  has  shown  to  be  best  and 
which  is  now  in  use  is  a  piledriving  scow  35  ft.  by  100  ft.  with 
ways  60  ft.  high;  a  hoisting  engine  of  40  h.p.  with  two  7-in.  by 
10-in.  cylinders  and  two  12-in.  drums;  two  12-in.  by  7-in.  by  12-in. 
pumps  with  capacity  for  100  gal.  per  minute  each  at  120  lb. 
pressure,  and  a  60-h.p.  looiler;  casing  and  wash  pipe  of  18-in.  and 
14-in.  steel-welded  pipe,  and  10-in.,  8-in.,  6-in.,  4-in.,  2|-in.,  and 
2-in.  extra  heavy  wrought-iron  drive  pipe  with  screw  joints  and 


Plate  1. 

N.  E.   \V.  vr.   ASSOCIATION, 

SEHTEMUEl!,    1911. 

HIDGW'AV    OX 

I  ATSKll.l.     AQI'EDICT     I'UOS.SINti. 


ACC.NO.  HOa.   81*    MOJMMt^lUar-'  ^' 

HUDtON  mviii  bivmbu  iiawa,e<OT 


Fig.  1. 

IIiDsoN  KiVKR  Crossing,  Catskill  Aqueduct,  looking  Wkst  towards 
Storm  King  Mountain.     Core  Boring  Rkjs  in  Channel. 


Fi(i.  •_'. 
Panoramk     \'ii;\\    ami  C'ijoss  Skction   on    Link  ok  Hi  dson   Hivkk  Ckoss- 

IN(i     OK     rilK    CAISKII.L    At;l    KDUt'T. 


RIDGWAY.  329 

extra  long;  sleeve  couplings;  a  drilling  machine;  l|-iu.  rods,  and 
enough  diamonds  for  two  bits,  ^\'hen  the  casing  is  surely  seated 
in  ledge  and  drilling  under  way,  the  large  scow  and  otlier  equip- 
ment for  wash  boring  can  be  dispensed  with,  the  drilling  machine 
being  carried  on  a  platform  clamped  to  the  casing,  and  pump 
and  boiler  kept  on  a  scow  about  20  ft.  by  30  ft. 

"  The  scow  is  kept  in  position  by  at  least  six  anchors  at  bow, 
stern,  and  four  corners;  these  must  be  from  two  to  three  tons 
each  and  have  leads  of  400  to  500  ft.  of  |-in.  wire  cable.  The 
severe  gales  and  rough  water  encountered  at  times  make  it  hard 
to  keep  the  scow  exactly  in  position,  while  any  movement,  if  it 
is  toward  the  hole,  is  likely  to  bend  the  stancUng  casing  and 'destroy 
the  boring. 

"  The  general  method  of  boring  is  to  sink  first  a  line  of  large 
casing  as  far  as  possible  without  too  severe  driving,  then  to  put 
down  the  next  smaller  size  inside  of  it, '  telescoping  '  as  it  is  called, 
and  continue  downward  again,  the  telescoping  of  casing  being 
repeated  when  necessary  until  bedrock  is  reached.  A  line  of 
casing,  of  course,  encounters  skin  friction  against  the  drift  material 
only  below  the  bottom  of  the  next  larger  casing,  and  in  general 
an  advance  of  100  ft.  or  more  should  be  made  with  each  size, 
though  the  first  two  sizes  should  make  considerably  more  than 
that  in  the  fine  material  which  lies  on  top.  The  importance  of 
not  having  too  much  frictional  resistance  on  a  line  of  casing  comes 
from  the  necessity  not  only  of  moving  the  line  down  but  of  being 
able  to  draw  it  back,  so  that  its  end  will  be  out  of  harm's  way 
when  blasting  is  done,  hence  care  is  taken  against  forcing  when 
much  resistance  is  felt.  In  the  early  work  before  the  great  depth 
of  the  gorge  was  knoAVTi,  and  when  the  contractor  knew  less  of 
how  to  do  this  kind  of  boring,  the  mistake  was  made  of  starting 
with  too  small  casing  and  so  coming  down  to  the  smallest  size 
practicable  while  still  a  long  way  from  rock;  this  made  the  last 
of  the  work  on  these  holes  excessively  difficult,  and  one  of  them 
had  to  be  abandoned  in  an  unfinished  condition  for  this  reason. 
The  latest  and  deepest  holes  have  been  started  with  18-in.  casing; 
six  reductions  are  then  possible. 

"  The  casing  is  lowered  and  raised  by  a  wire  cal)le  fall  ])assing 
over  the  sheave  at  the  top  of  the  pile  falls  to  the  drum  of  the 
hoister.  As  the  casing  goes  down,  it  is  added  to  in  20-ft.  lengths, 
the  additional  piece  being  supported  by  the  fall  while  the  men 
screw  it  into  the  coupling  at  the  top  of  the  line.  (Ireat  care  is  taken 
with  the  joint,  the  coupling  is  extra  long,  and  an  effort  is  made  to 
have  the  pipe  ends  meet,  so  that  in  driving  the  blows  of  the 
hammer  will  not  be  carried  by  the  threads  entirely. 

"  The  fir.st  material  encountered  is  mud  and  silt,  and  the  large 
casing,  being  very  heavy,  goes  into   it   for  th(>   first    .")()  ft.  very 
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easily.  When  light  driving  ceases  to  have  an  effect,  a  4-in.  pipe 
is  put  doAvn  inside  and  connected  with  the  pump  by  hose  and  a 
powerful  stream  of  water  forced  through  it,  to  stir  up  the  material 
just  below  the  bottom  of  the  casing,  the  water  returning  inside 
the  casing  and  bringing  up  the  lighter  material  with  it.  The 
casing  is  at  the  same  time  pounded  lightly  by  the  piledriver 
hammer,  which  has  a  hole  in  its  center  through  which  the  wash 
pipe  passes." 

From  the  information  obtained  from  these  borings,  the  inclined 
holes  to  be  described  later,  and  a  study  of  the  physiography  of  the 
.  vicinity,  Professor  Kemp  and  Dr.  Berkey  concluded  that  the  cross 
section  of  the  bedrock  gorge  resembled  a  broad  U,  whik  Professor 
Crosby  advanced  the  theory  that  it  took  the  form  of  a  wide-flaring 
V.  Its  greatest  depth,  of  course,  was  between  the  bottom  of  the 
deepest  river  hole  (768  ft.)  and  the  depth  at  which  the  upper  pair 
of  inclined  holes  crossed  each  other  (about  955  ft.). 

When  the  explorations  for  the  crossing  were  begun  in  1905  it 
was  realized  that  before  actual  tunneling  was  started  under  the 
river  it  would  be  advisable  to  explore  the  underlying  rock  from 
shore  to  shore  with  diamond  drills  to  ascertain  its  character,  and 
to  show  whether  there  existed  any  faults  or  zones  of  decayed  or 
broken  rock  or  water-bearing  seams  that  would  make  the  driving 
of  a  tunnel  impracticable.  It  was  realized  that  vertical  borings 
in  the  channel,  while  furnishing  a  fairly  good  cross  section  of  the 
preglacial  gorge,  would  not  give  this  essential  information.  In 
the  first  core  boring  contract,  awarded  February  7,  1906,  therefore, 
a  provision  was  made  for  six  inclined  borings  to  start  on  the  sh  ►res 
of  the  river  and  extend  under  the  channel  to  the  middle.  It  was 
believed  that  a  careful  watch  of  these  holes  while  they  were  being 
drilled  and  a  study  of  the  cores  recovered  would  give  a  very  good 
idea  of  the  rock  to  be  encountered  in  tunneling,  and  that  some  of 
the  uncertainties  of  the  latter  would  thereby  be  eliminated.  After 
the  first  vertical  borings  had  indicated  a  greater  depth  of  bed- 
rock gorge  than  was  anticipated,  it  was  found  to  be  impracticable 
to  start  the  inclined  borings  from  the  shores.  The  great  inclina- 
tions at  which  they  would  have  had  to  be  drilled  in  order  to  keep 
them  in  the  rock  would  have  forced  them  too  far  below  the  river 
bed  to  be  of  any  use  for  the  purpose  intended.  It  was,  therefore, 
decided  to  drill  them  from  chambers  to  be  excavated  in  the  sides 
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of  test  shafts  at  an  elevation  low  enough  to  ])erniit  a  flatter  hole. 
When  the  sinking  of  the  test  sliafts,  hereinafter  described,  Avas 
begun  in  the  early  part  of  1907  the  intention  was  to  excavate  the 
drill  chambers  at  about  elevation  —  550.  The  a])andonment  of 
the  work  by  the  contractor  in  tiie  latter  part  of  the  same  year, 
Avhen  only  half  of  this  depth  had  been  reached,  resulted  in  so  much 
delay  that  when  operations  were  resumed  by  the  city  with  its 
own  forces,  in  1909,  it  was  decided  to  excavate  the  drill  chambers 
at  the  bottoms  of  the  shafts,  as  they  then  were,  before  sinking 
deeper,  in  order  that  the  drilling  could  be  started  and  the  needed 
results  obtained  at  as  early  a  date  as  practical)le.  This  meant 
that  the  first  drill  iioles  were  started  at  elevation  —  281  and 
—  251.2  in  the  east  and  west  shafts  respectively.  Two  holes  were 
drilled  from  each  chand)er,  the  first  or  lower  pair  being  started  at 
angles  of  43°  with  the  horizontal  in  the  east  chamber  and  38° 
in  the  west  chamber,  and  passing  each  other  under  the  middle 
of  the  river  approximately  1  500  ft.  below  tide.  The  second  pair 
of  holes  were  later  started  at  elevations  —  279.7  and  —  245.8,  and 
at  inclinations  below  horizontal  of  22°  53'  and  23°  40'  in  the  east 
and  west  chambers  res]5ectiv(4y.  These  holes  crossed  each  other 
under  the  river  about  955  ft.  below  tide. 

When  it  was  determined  at  what  points  the  borings  should 
be  made,  a  form  of  agreement  was  prepared  for  a  pair  of  holes 
to  be  drilled  until  they  crossed  under  the  bed  of  the  ri\-er.  Bids 
Avere  invited  from  a  number  of  concerns  experiencetl  in  such 
work,  pavmient  to  be  made  under  two  items:  No.  1  to  include 
the  first  900  ft.  of  any  hole,  or  for  drilling  the  remainder 
beyond  900  ft.  of  any  hole  not  included  in  Item  2;  No.  2  in- 
cluded the  remainder  ])evond  900  ft.  of  any  hole  which  either 
terminated  within  an  ordered  zone  or  ])assed  in  solid  rock  al)Ove 
the  ordered  zojie  a  hole  from  the  oj)])osite  side  of  the  river. 
The  zone  as  indicated  on  the  contract  drawing  was  defined  by 
curved  lines  originating  at  the  beginning  of  the  hole  in  each 
chamber.  The  upper  curves  intersected  about  elevation  —  1130. 
and  the  lower  ones  about  elevation  —  1440  under  the  middle  of 
the  river.  The  zone  was  fixed  with  rct'crence  to  the  Itedrock 
])rofile  of  the  gorge  as  far  as  it  was  then  known,  and  was  (k'signed 
with  the  idea  of  having  the  borings  cross  at  as  high  an  (devation  as 
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was  considered  safe.  The  work  was  awarded  to  the  low  bidder, 
Messrs.  Sprague  &  Henwood,  of  Scranton,  Pa.,  who  bid  $6.50  and 
$10  per  foot  respectively  for  Items  1  and  2,  and  who  promptly 
undertook  the  work.  The  hole  in  the  east  chaml^er  was  begun  on 
June  1,  1909,  and  in  the  west  chamber  on  July  29,  1909.  The  east 
hole  was  started  at  an  angle  of  43°  and  the  west  one  at  38°  with 
the  horizontal,  as  before  stated.  These  angles  were  selected  by  the 
contractor  wdth  the  idea  that  the  ch-ill  holes  would  have  a  tendency 
to  turn  up  and  thus  carry  them  at  the  finish  into  the  desired  zone. 
Precautions  were  first  taken  to  guard  against  this  tendency  to  turn 
up  too  rapidly,  as  described  by  Messrs.  Dodge  and  Hoke  in  the 
following  extract  from  their  paper  regarding  the  first  hole  drilled. 

"  The  east  shaft  chamber  was  ready  in  May,  1909,  and  hole 
No.  l/A-74  was  started  June  1.  The  machine,  Sullivan  diamond 
B  drill,  rated  for  3  000  ft.  of  hole,  was  set  for  an  angle  of  43° 
below  the  horizontal,  that  being  practically  the  slope  of  the 
tangent  to  the  zone.  The  agreement  called  for  a  hole  starting 
not^'less  than  2^^  in.  in  diameter.  Sprague  &  Henwood  decided 
that  the  safest  way  to  get  the  holes  to  such  depths  was  by  two 
successive  reductions  in  size.  The  holes  were  started  with  2|-in. 
bits,  reduced  to  2-in.  and  later  l|-in.  As  a  precaution  against  a 
heavy  flow  of  water,  the  drilling  was  carried  on  through  a  3-in. 
gate  valve  attached  to  a  3-in.  pipe  grouted  in  the  rock.  To  seat 
the  pipe,  the  first  7  ft.  of  the  hole  was  l^ored  with  a  4-in.  bit. 

"  The' drillers  desired  to  drive  the  first  several  hundred  feet  as 
nearly  straight  as  possible  on  the  line  set,  so  that  great  care  was 
taken  with  the  drilling  apparatus  to  produce  that  result.  The 
2i-in.  bit  was  set  as  usual  with  eight  diamonds,  four  to  cut  hole, 
four  to  cut  core,  and  all  to  cut  ahead,  but  was  set  to  as  small  a 
clearance  as  possible.  The  diamonds  projected  only  -,h  in.  outside. 
The  bit  shell,  core  barrel,  and  60  ft.  of  rods  immediately  following 
were  all  the  same  size,  actually  2\h  in.  in  diameter.  These  rods 
were  termed  guide  rods.  Behind  the  guide  rods,  2-in.  rods  wcTe 
coupled  on  as  needed.  Despite  all  care,  a  survey  made  when  the 
hole  was  at  a  depth  of  177  ft.  showed  that  the  boring  was  turning 
downward.  The  guide  rods  were  taken  off  so  that  the  sagging  oi 
the  smaller  rods  behind  the  core  barrel  would  force  the  bit  upward. 
Another  test  made  at  a  depth  of  280  ft.  gave  proof  that  the  rods 
were  holding  to  a  straight  line  and  with  perhaps  a  slight  upward 
tendency.  The  hole  continued  at  approximately  this  inclination, 
which  was  a  trifle  less  than  the  initial  slope,  to  a  depth  of  641  ft. 

"  Here  the   reduction  was  made  to   a  2-in.   bit.     Here,   also, 
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whether  by  means  of  for('in<>;  the  rods,  as  clahued,  or  by  chance, 
began  the  first  upward  turn  of  the  hole.  This  upward  movement 
seemed  to  be  increased  by  the  use  of  a  tapered  core  barrel  along 
with  a  forcing  of  the  rods,  until  at  a  depth  of  1  398  ft.  the  survey 
showed  the  inclination  at  that  point  to  be  about  37°  20'.  Then 
began  another  downward  curve  to  the  end. 

"A  small  flow  of  water  was  encountered  in  hole  1,  A-74  at  a 
very  small  depth.  This  gradually  increased  as  drilling  progressed 
until  at  the  time  of  the  first  reduction  in  size  th(>  flow  from  the 
open  liole  was  50  gal.  per  minute.  At  a  depth  of  734  ft.  tlu^  flow 
had  reached  90  gal.  per  minute  and  was  hintlering  the  w^ork. 

"  A  careless  drill  runner  nearly  ruined  the  hole  at  this  jioint 
as  a  direct  result  of  the  back  pressure  exerted  by  the  water.  He 
did  not  keep  his  pump  going  hard  enough  to  force  water  through 
the  rods,  and  the  bit  was  burned  fast  in  the  rock.  The  rods  were 
detached  from  the  bit,  the  2|-in.  hole  was  extended  to  734.3  ft. 
by  reaming,  and  the  2-in.  bit,  or  what  was  left  of  it,  was  recovered 
as  core  with  the  steel  and  diamonds  fused  into  the  rock. 

"  In  order  to  shut  ofl"  the  water,  25-in.  flush- joint  casing  with 
several  diamond  chii)s  set  into  its  lower  end  was  placed  in  the  hole. 
It  was  turned  by  the  machine  like  rods  until  the  bottom  was 
burned  fast  to  the  rock  as  the  bit  had  been.  The  water  flow 
was  reduced  to  5  gal.  per  minute,  but  tUd  not  long  remain  so  small. ' 
By  the  time  1  085  ft.  had  been  drilled  the  open  hole  was  sending 
a  solid  stream  of  water,  180  gal.  per  minute,  10  ft.  from  its  mouth 
into  the  chamber.  With  this  flow  the  last  hundred  feet  of  rods 
need  not  ho  jiulled  from  the  hole  when  core  was  being  recovered; 
th(y  slid  out.  No  other  advantage  could  l)e  credited  to  the  water 
which  made  drilling  unpleasant  work  until  the  hole  was  again 
cased  at  a  depth  of  1  234  ft.  with  2-in.  flush-joint  casing  and  again 
reduced  in  size.  The  water  flow  in  this  hole  was  one  of  the  dc^cid- 
ing  elements  for  reduction  in  size.  The  quantity  was  lessened 
to  10  gal.  at  this  final  casing  and  did  not  increase  beyond  70  gal. 
per  minute,  which  was  judged  to  be  a  limit  of  flow  under  the 
existing  head  from  the  now  long  hole. 

"  At  a  depth  of  1  834  ft.  the  bit  was  again  burned  fast.  Over 
two  months'  work  failed  to  remove  it.  Diamonds,  collectively 
valued  at  over  $1  500,  and  about  000  ft  of  small  rods  were  lost. 
Hole  No.  1  A-74  had  not  entered  the  ordei-cd  zone  and  did  not 
(luite  r(\acli  the  center  of  the  river." 

The  hole  fioiii  the  west  chanibei'  was  drill('(l  l)y  the  same  gcncfal 
methods.  Little  trouble  was  caused  l)y  water,  the  iiiaxiniuin  flow 
recorded  b(>ing  only  5  gal.  ])er  minute.  Tlie  general  tendency  oi  the 
hole  w;is  downward,  the  inclination  below  liorizontnl  at  the  finish 
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being  44°  47',  or  6°  47'  steeper  than  at  the  start.  On  account  of 
the  abandonment  of  the  east  hole  before  it  had  reached  the  middle 
of  the  river,  due  to  the  burning  fast  of  the  bit,  it  was  necessary  to 
carry  the  west  hole  past  the  center  point  in  order  to  pass  it  hori- 
zontally beyond  the  end  of  the  east  hole.  It  was  driven,  therefore, 
to  a  total  depth  of  2  051.6  ft.,  which  is  believed  to  be  an  unprece- 
dented depth  for  such  a  boring  in  this  section  of  the  country. 

The  first  pair  of  holes  having  proved  beyond  cpiestion  the  exist- 
ence of  sound  rock  under  the  entire  width  of  the  river  channel,  it 
was  next  decided  to  drill  two  more  similar  borings  from  the  same 
chambers,  but  at  flatter  inclinations  with  a  view  to  having  them 
cross  under  the  middle  of  the  river  between  elevations  —850  and 
—  1  050.  Should  they  succeed  in  passing  in  sound  rock  through 
this  higher  zone  the  elevation  of  the  under  river  tunnel  could  be 
fixed  with  reference  to  them.  Accordingly,  another  agreement, 
No.  77,  was  prepared  and  the  work  was  again  awarded  to  Messrs. 
Sprague  &  Henwood,  the  low  bidders.  The  holes  were  drilled  at 
inclinations  of  22°  53'  and  23°  40'  in  the  east  and  west  chambers 
respectively,  as  before  stated.  The  east  hole  was  drilled  to  a  depth 
of  1  651.4  ft.  between  April  5  and  August  4,  1910,  and  the  west 
hole  to  a  depth  of  1  652.1  ft.  between  April  20  and  August  25,  1910. 
Although  they  were  aimed  so  high  as  to  have  but  slight  clearance 
in  places  below  the  rock  surface  indicated  by  the  core  borings, 
they  remained  in  excellent  rock  throughout  and  crossed  each  other 
about  at  elevation  —955.  It  is  an  interesting  fact  that  the  east 
hole,  though  much  above  the  former  hole  drilled  from  the  same 
chamber,  and  consequently  nearer  the  river  bed,  developed  a 
much  smaller  flow  of  water. 

Much  credit  is  due  Messrs.  Sprague  &  Henwood  for  the  success- 
ful completion  of  these  borings.  The  difficulties  and  discourage- 
ments met  and  overcome  during  the  progress  of  the  drilling  Avere 
far  greater  than  usualh^  attend  a  work  of  this  character.  It  is 
easy  to  imagine  the  failure  of  the  task  if  placed  in  the  hands  of 
men  of  less  experience  and  courage. 

No  attempt  was  made  to  ascertain  the  change  of  strike  or 
horizontal  direction  of  the  borings,  as  this  was  not  regarded  as 
necessary.  Surveys  were  made  from  time  to  time,  however,  of  the 
inclination  or  cUp  of  the  holes.    A  knowledge  of  the  methods  em- 
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ployed  in  these  surveys  may  be  of  interest,  and  I  cannot  do  better 
than  quote  again  from  the  paper  of  Messrs.  Dodge  and  Hoke : 

"  Two  methods,  known  as  the  hydrofluoric  acid  test  and  the 
pressure  gage  test,  were  emphjyed. 

"  The  hydrofluoric  acid  test  for  inchnation  is  based  on  the  power 
of  hydrofluoric  acid  to  etch  glass  and  the  principle  whereby  the 
surface  of  a  liquid  at  rest  under  the  action  of  gravity  assumes  a 
horizontal  position.  At  various  kno^\^l  depths  along  the  boring 
to  be  surveyed,  readings  for  the  inclination  are  obtained  from 
a  horizontal  etched  line  on  a  glass  tube  whose  axis  is  parallel 
with  the  direction  of  the  hole.  These  inclinations  constitute  a 
series  of  tangents  to  a  compound  curve  which  is  the  line  of  the 
hole  itself.  Of  course,  this  method  gives  a  determination  only, 
as  it  were,  in  dip  and  not  at  all  in  strike. 

"  An  ordinary  homeopathic  pill  vial,  |  in.  outside  diameter, 
,';]  in.  inside  diameter,  and  4f  in.  long,  containing  a  solution  of 
nine  parts  by  volume  of  water  and  one  part  by  volume  of  hydro- 
fluoric acid,  is  placed  in  a  water-tight  steel  shell,  about  a  foot  long, 
which  is  the  same  diameter  as  the  rods  in  use  and  is  bored  to  ex- 
actly hold  the  bottle.  The  shell  or  tester  is  coupled  to  the  rods 
and  lowered  into  the  hole.  During  the  time  required  for  lowering 
the  rods  no  definite  line  is  etched  because  the  rods  in  turning 
apply  the  acid  to  all  sides  of  the  tube  and  because  the  solution 
is  made  weak  in  order  to  reduce  the  action  as  much  as  possible. 
When  the  required  depth  is  reached  the  rods  are  clamped  and 
allowed  to  rest  long  enough  for  the  acid  to  do  its  work.  At  great 
depths  the  period  at  rest  refjuired  to  give  a  well-defined  line  is 
about  an  hour.  The  rod  is  ra])idly  withdrawn  and  the  acid  emptied 
from  the  recovered  tube. 

"  For  the  survey  of  these  holes,  the  angles  were  read  by  i)lacing 
the  record  tube  in  a  machine  constructed  for  the  purjiose.  The 
tube  was  clamped  to  a  revolving  pivot  in  such  manner  that  the 
etched  line  and  the  side  of  the  bottle  could  in  turn  be  sighted  in 
parallel  with  a  straight  edge  which  is  the  diameter  of  a  graduated 
semicircle  protractor.  A  reading  was  taken  of  the  position  of 
a  needle  which  was  rigidly  connected  with  the  pivot  and  jilayed 
over  the  graduated  arc.  The  difference  in  readings  gave  the 
observed  angle.  Owing  t(j  the  eff"ect  of  capillary  attracticm  on 
the  acid  solution,  the  observed  angle  was  not  the  true  angle.  A 
minus  correction  varying  from  4°  for  a  reading  of  20°  24'  to  8° 
for  a  reading  of  o2°  05'  had  to  l)e  ai)i)lie(l  to  obtain  the  true  slope. 
A  correction  diagram  was  prepared  by  taking  readings  on  tubes 
exposed  to  known  slopes.  The  final  acceptcnl  angle  was  an  average 
of  twenty-four  readings  made  by  two  independent  ol)servers. 
Tests  were  made  not  more  than  a  hundred  feet  apart. 
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"  The  hydrofluoric  acid  test  was  the  most  used  method  of 
making  surveys,  but  it  had  one  objection,  —  one  erroneous  reading 
changed  the  position  of  all  the  hole  below  it.  It  is  apparent 
therefore,  why  the  precautions  above  described  ^\*ere  taken  to 
eliminate  the  danger  of  such  an  error. 

"  The  other  method  tried  was  that  of  a  recording  pressure  gage, 
designed  and  made  by  Dr.  Herbert  T.  Kalmus  and  Mr.  Gilbert 
N.  Lewis,  of  the  Massachusetts  Institute  of  Technology.  The 
gage  was  made  so  that  it  could  be  inserted  in  a  hole  and  lowered 
to  the  desired  point  by  means  of  a  pliable  wire  cable.  From  the 
flow  of  water,  the  holes  were  always  full,  and  the  object  was  to 
measure  the  static  head  at  any  point,  preferably  near  the  bottom, 
as  the  location  of  the  ends  of  the  holes  was  most  important. 
Accordingly,  the  gage  w^as  designed  for  only  heavy  pressures. 

"  The  gage  consisted  of  a  flat  steel  tube  with  a  certain  resisting 
power  which  was  placed  in  the  lower  end  of  the  inch  tube  encasing 
the  whole  gage,  so  that  it  could  be  exposed  to  the  external  pressure 
of  the  water.  To  the  top  of  the  flat  tube  and  in  a  water-tight 
compartment  of  the  casing  tube  was  connected  a  glass  capillary 
tube  which  opened  into  a  small  cup.  The  flat  steel  tube  and  the 
glass  tube  were  filled  with  mercury  when  the  instrument  was 
ready  for  a  test. 

"  Now  when  the  gage  was  subjected  to  pressure  the  steel  tube 
was  compressed  and  forced  mercury  into  the  cup  from  which  it 
could  not  return  when  the  pressure  was  removed.  Then  by 
simply  reading  the  height  of  mercury  in  the  tube,  the  pressure 
to  which  the  gage  had  been  subjected  was  known.  The  instru- 
ment, of  course,  had  been  calibrated  by  applying  known  pressures 
and  marking  the  heights  of  mercury. 

"  The  principle  of  obtaining  the  vertical  distance  of  a  point 
at  known  depth  below  the  top  of  the  hole  was  excellent,  but 
the  machine  did  not  always  work  well  under  the  conditions  which 
obtained.  The  gage  recorded  only  the  highest  pressure,  and  it 
was  practically  impossible  to  lower  the  gage  so  that  higher  pres- 
sures than  that  of  the  static  head  would  not  be  recorded.  The 
movement  of  the  gage  through  the  water  affected  the  pressure. 
All  sorts  of  schemes  were  tried  to  offset  the  disadvantage.  Even 
when  the  pressure  was  allowed  to  reach  the  flat  steel  tube  only 
through  a  3-ft.  capillary  tube,  impact  pressures  were  sometimes 
recorded,  in  which  cases  the  machine  would  not  check  either 
itself  or  the  survey  by  the  hydrofluoric  acid  test,  and  no  credence 
could  be  placed  on  the  results,  although  the  principle  of  the 
method  was  a  better  one." 

It  was  decided  to  sink  the  two  test  shafts  before  referred  to  as 
a  part  of  the  scheme  of  exploration.    They  were  so  designed  as  to 
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form  part  of  the  i)crinanent  construction  should  tlie  explorations 
prove  the  feasibility  of  the  location.  The  upper  22o  ft.  or  so  of  the 
west  shaft  above  the  proposed  connection  with  the  land  tunnel 
were  made  rectangular,  to  be  closed  later,  that  portion  being  of  use 
only  as  a  construction  shaft.  Below  the  land  tunnel  the  west 
shaft  was  made  circular  for  use  as  a  waterAvaj'  shaft,  of  a  size  to 
finish  inside  of  concrete  lining,  with  a  diameter  of  14  ft.  The 
east  shaft  was  made  circular  from  the  top  down  with  a  view  to 
lining  it  throughout  and  maintaining  it  as  a  permanent  shaft,  that 
portion  above  the  proposed  land  connection  being  intended  as  a 
pumping  shaft  to  be  used  for  unwatering  the  siphon  when  neces- 
sarj"  in  the  future.  Both  shafts  were  so  located  as  not  to  interfere 
with  the  present  or  proposed  future  positions  of  the  Hudson  River 
and  West  Shore  railroad  tracks.  The  west  shaft  is  about  120  ft. 
back  from  the  river  at  the  foot  of  the  north  slope  of  Storm  King 
Mountain,  where  the  elevation  of  the  ground  surface  was  about 
+40.  The  east  shaft  is  100  ft.  from  the  river  shore  on  the  projec- 
tion of  Breakneck  Point,  where  the  elevation  of  the  ground  was 
+31.5.  Through  Breakneck  Point  the  Hudson  River  Railroad 
passes  in  a  rock  tunnel,  and  the  shaft  is  between  this  tunnel  and 
the  public  road  which  skirts  the  river  shore.  The  location  of  the 
east  shaft  was  on  a  steep  rock  slope,  and  before  beginning  the 
sinking  the  site  was  excavated  in  open  cut  to  the  approximate  level 
of  the  road,  or  about  elevation  +12.  The  shafts  are  3  022.3  ft. 
apart  on  centers,  and  the  tunnel  line  between  them  is  straight. 

Ground  was  broken  for  the  east  shaft  on  February  14,  1907, 
and  for  the  west  shaft  on  jNIarch  7,  1907.  Under  the  agreement 
with  the  contractor,  he  was  to  go,  if  re(]uired,  to  elevation  —650 
with  l)oth  shafts.  At  the  time  the  agreement  was  signed  it  was 
not  known  even  approximately  what  the  depth  of  the  rock  gorge 
was,  the  deepest  boring  in  the  river  at  tliat  time  having  reached 
a  depth  of  only  482  ft.  Elevation  —  650  was  fixed  as  the  maximum 
depth  we  were  then  justified  in  sinking  the  shafts  with  the  informa- 
tion  at   hand. 

On  December  7,  1907,  when  the  east  shaft  was  down  to  elevation 
—  249  and  the  west  shaft  to  elevation  —226,  the  contractor  stopped 
work.  The  complications  which  followed  delayed  the  resumption 
of  the  work  of  sinking  more  than  a  year,  when  it  was  started  again 
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by  the  board  with  its  own  forces  under  the  immediate  super\'ision 
of  the  division  engineer,  Mr.  WilHam  E.  Swift.  By  this  time  the 
river  borings  had  proceeded  far  enough  to  indicate  a  much  greater 
depth  of  rock  gorge  than  was  supposed  when  the  shafts  were 
started,  and  it  was  decided  to  make  preparations  to  sink  them 
deeper  than  was  provided  in  the  contract.  A  depth  of  1  200  ft. 
below  tide  was  tentatively  fixed  until  more  ])ositive  iiiformation 
from  the  boring  operations  should  be  available.  It  was  also 
decided,  as  before  stated,  to  begin  the  inclined  borings  under  the 
river  as  soon  as  chambers  could  ])e  prepared  for  them  at  the  bottoms 
of  the  shafts. 

Before  resuming  actual  excavation,  the  derricks  used  by  the 
contractor  were  taken  down  and  headframes  constructed  over  the 
shafts.  These  frames  were  designed  so  that  they  could  be  used 
not  only  for  completing  the  shafts,  but  for  driving  and  lining  the 
tunnels  under  the  river.  New  hoisting  engines  were  installed  of 
a  much  heavier  type  than  those  employed  before.  A  new  air- 
compressing  plant  was  assembled  for  the  west  side,  and  the  com- 
pressors, which  the  contractors  had  used  for  both  shafts,  were 
grouped  for  use  at  the  east  shaft.  Other  additions  and  improve- 
ments were  made  in  the  plant  with  a  view  to  meeting  the  require- 
ments of  greater  depth  and  to  insure  safety  and  consistent  progress. 

During  the  interval  when  the  work  was  suspended  the  shafts 
had  filled  with  water  and  it  was  necessary  to  empty  them  out 
before  resuming  excavation.  This  was  accomplished  with  com- 
paratively little  trouble  by  bailing  and  pumping.  On  March  3, 
1909,  excavation  was  again  started  in  the  east  shaft,  and  on  June 
2,  1909,  in  the  west  shaft.  The  diamond  drill  chambers  were 
first  excavated,  as  before  stated.  These  were  of  considerable 
size,  large  enough  not  only  to  permit  the  drills  to  be  conveniently 
operated,  but  the  drill  rods  to  be  removed  and  replaced  in  30-ft. 
lengths.  The  chambers  were  excavated  on  inclines  of  about  45°, 
which  added  to  the  difficulty  of  the  work,  the  incline  being  neces- 
sary to  allow  the  rods  to  be  pulled  in  the  direction  of  the  borings. 
On  the  completion  of  the  chambers,  shaft  sinking  was  resumed 
and  continued  until  the  bottom  was  reached.  The  diamond 
drilling  was  not  started  until  the  shafts  were  approximately  50  ft. 
below  the  chamber,  so  as  to  insure  the  machines  against  injury 
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from  l)laisting  and  also  reduce  the  chance  of  the  latter  jarring  the 
rock  about  the  drill  holes  to  the  extent  of  blocking  them.  Large 
])ump  chambers  of  a  size  sufficient  for  three  Jeanesville  pumps  (2 
cylinder,  16  in.  by  7  in.  by  18  in.)  were  made  in  the  sides  as  the 
shafts  were  sunk.  These  chambers'  are  approximately  at  eleva- 
tions —  400  and  —800,  the  idea  being  to  pump  in  400-ft.  lifts, 
the  bottoms  of  the  shafts  being  assumed  at  elevation  — 1200, 
as  before  mentioned. 

During  the  progress  of  the  shaft  sinking,  the  two  pairs  of  in- 
clined borings  were  completed  and  furnished  data  from  which  the 
elevation  of  the  river  tunnel  could  be  fixed.  The  rule  followed  for 
other  siphons  of  the  aqueduct  was  to  place  the  tunnel  under  a  cover 
of  sound  rock  at  least  150  ft.  thick.  Following  this  rule,  which 
was  suggested  by  Senior  Designing  Engineer  Wiggin,  the  eleva- 
tion of  the  river  tunnel  was  established  approximately  that  distance 
])elow  the  elevation  at  which  the  upper  pair  of  inclined  borings 
crossed  (about  —  955) .  It  is  not  known  what  thickness  of  bedrock 
exists  above  this  elevation  and  it  was  thought  best  to  be  conserva- 
tive. The  intrados  of  the  concrete  tunnel  arch  at  the  foot  of  the 
east  shaft  is  to  be  at  elevation  — 1100,  and  the  corresponding  point 
on  the  west  side  — 1097.  The  drop  of  three  feet  is  provided  so  that 
the  water  may  drain  to  the  sump  at  the  east  shaft  when  the  si]>lion 
is  unwatered  in  the  future. 

The  shafts  were  sunk  deep  enough  for,  ami  the  first  rounds  of 
holes  were  drilled  for,  the  river  hea(hngs  on  December  23,  1910, 
and  February  13,  1911,  in  the  east  and  west  shafts  respectively. 
After  the  tunnel  from  each  shaft  was  driven  100  ft.  or  so,  the  pump 
chamber  at  the  bottom  and  the  deep  jiermanent  sump  under  the 
east  shaft  were  excavated.  The  guides  were  then  put  in  place  for 
the  cages  and  the  latter  were  installed.  The  timbering  of  the  shaft 
permitted  room  for  only  one  cage  in  each  shaft.  Everything 
was  then  in  readiness  to  proceed  with  the  driving  of  the  tunnel. 

The  west  shaft  is  remarkably  dry  considering  its  depth  below  the 
drainage  level  of  the  country  and  its  proximity  to  the  river.  Abojit 
30  gall,  of  water  is  pumped  from  it  per  minute.  The  east  shaft 
is  much  wetter,  however,  the  inflow  amounting  to  140  gal.  per 
minute,  most  of  which  appears  in  the  vicinily  of  the  i)unip  chamber 
at  elevation  —400. 
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When  the  shafts  had  reached  their  final  depths  and  the  headings 
were  started  at  the  elevations  noted,  it  was  considered  that  the 
exploration  work  was  finished  and  it  was  deemed  advisable  to  have 
the  remaining  work  done  by  contract.  Accordingly  Contract 
90,  "  For  the  Completion  of  the  Hudson  Siphon,"  was  prepared 
and  advertised,  and  on  June  20,  1911,  was  awarded  to  the  T.  A. 
Gillespie  Company,  who  began  work  on  June  22,  and  who  on 
Septeml)er  6  had  advanced  the  west  heading  a  total  distance  of 
853  ft.  from  the  shaft.  No  advance  has  been  made  by  them  in  the 
east  heading  for  reasons  to  be  stated.  Taking  both  tunnels 
together,  over  one  third  of  the  total  length  of  heading  is  now  driven. 

Contract  90  includes  particularly  the  following:  (1)  The  comple- 
tion of  the  tunnel  excavation  under  the  river;  (2)  the  lining  of  the 
tunnel  with  concrete  to  a  finished  diameter  of  14  ft. ;  (3)  the  lining 
of  the  west  shaft  to  the  same  diameter  up  to  the  land  tunnel  con- 
nection and  the  sealing  and  partial  refilling  of  the  shaft  above  it; 
(4)  the  lining  of  the  east  shaft  to  a  finished  diameter  of  14  ft., 
with  concrete  guides  for  a  cage  and  a  pump  float,  and  the  furnish- 
ing and  placing  of  the  metal  seal  above  the  land  connection;  (5)  a 
hydrostatic  test  of  the  shafts  and  tunnel  if  required;  and  (6)  the 
construction  of  a  drainage  chamber  over  the  east  or  pump  shaft. 

AVhile  this  contract  was  being  prepared  and  until  the  contractor 
took  hold  on  the  date  named,  the  board's  forces  continued  work  and 
drove  the  headings  from  the  east  and  west  shafts  a  distance  of 
268  ft.  and  218  ft.  respectively.  On  April  21,  1911,  Avhen  the 
east  heading  was  at  the  distance  named,  a  flow  of  water  amounting 
to  about  250  gal.  per  minute  was  encountered  in  firing  the  cut  in 
the  heading.  At  this  time  the  large  station  pumps  had  not  been 
installed  in  the  bottom  for  fear  the  l)lasting  would  injure  them, 
.and  it  was  necessary  to  fight  the  flow  with  the  smaller  pumps 
available  for  the  purpose.  Before  the  water  was  finally  under 
control  it  had  filled  the  tunnel  to  the  roof,  submerging  some  of 
the  pumps.  On  Maj^  5,  however,  the  tunnel  was  emptied  and 
three  large  station  pumps  have  since  Ijeen  }iut  in  position  to 
handle  the  water.  A  4-in.  pipe  was  inserted  into  the  hole  in  the  cut 
from  which  the  flow  came  and  was  carefully  braced  and  concreted 
in.  The  pipe  was  then  continued  to  the  shaft  and  up  the  lat- 
ter 300  ft.  to  the  pump  chamber  at  elevation  —800.    After  the 
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concrete  in  the  ])luf;  hatl  t^et,  the  valve  in  the  T  of  the  ])ii)e  near 
the  heading  was  closed  and  the  water  rose  by  its  own  head  to 
the  chamber.  This  was,  of  course,  a  temporary  expedient  to  get 
the  water  out  of  tlv^  way  while  arrangements  were  being  made  in  the 
tunnel  to  handle  it  easily.  The  pipe  will  have  to  be  taken  away 
l)efore  the  heading  can  be  advanced.  X^ntler  the  requirements  of 
Contract  90  the  contractor  is  also  jirej^aring  to  install  two  elec- 
trically driven  c(>ntrifugal  pumping  units,  each  of  a  capacity  to 
(Uscharge  500  gal.  ])er  minute  from  the  bottom  to  the  top  of  the 
diaft.  With  this  outfit,  should  the  e(iui])ment,  either  of  centrifugal 
or  reciprocating  pumps,  go  out  of  connnission  temporarily,  the 
other  equipment  can  handle  the  water  up  to  its  capacity. 

As  an  additional  precaution  the  contractor  has  built,  by  direc- 
tion, a  heavy  concrete  bulkhead  in  the  tunnel  between  the  pumping 
station  and  the  heading.  This  will  be  equipped  with  a  cast-steel 
door  swinging  on  hinges  with  the  flow,  which  can  be  readily  closed 
in  the  event  of  an  accident  to  the  pumps  or  of  a  sudden  inflow  of 
water  that  would  overtax  their  capacity,  thus  pren^enting  the 
drowning  of  the  pumps  while  additional  puriiping  units  are  being 
installed.  The  bulkhead  and  door  are  designed  to  withstand  a 
liydrostatic  pressure  equal  to  the  full  depth  below  the  river  surface. 
The  bulkhead  is  14  ft.  thick  in  the  center  and  about  IS  ft.  at  its 
contact  with  the  rock  of  the  tunnel. 

Advantage  has  l)een  taken  of  the  delay  incident  to  the  installa- 
tion of  the  pumping  plant  and  the  building  of  the  bulkhead  to  put 
in  an  additional  diamond  drill  hole  in  the  face  of  the  heading 
parallel  with  the  axis  of  the  tunnel.  Although  this  hole  was 
started  only  a  few  feet  over  the  point  in  the  face  where  the  water- 
bearing seam  was  encountered,  it  had  advanced  on  September  6  a 
distance  of  468  ft.  and  flows  only  32  gal.  per  minute,  about  half  of 
which  was  encountered  within  10  ft.  of  the  face  of  the  heading. 
This  boring  is  made  under  a  provision  of  Contract  90  and  the  work 
is  being  done  for  the  contractor  by  Messrs.  Sprague  &  Henwood,  of 
Scranton,  Pa.,  who  drove  so  successfully-  the  inclin(>d  holes  from 
the  shafts. 

The  flow  of  the  water  into  the  east  heading  was  the  subject  of  a 
numlx'r  of  sensational  newspaper  articles  ]niblished  soon  after  it 
was  encountered.    While  it  was  no  doubt  the  caus(>  of  some  delav 
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to  the  work,  it  did  not  give  rise  to  such  alarm  on  the  part  of  those 
on  the  work  as  casual  readers  of  the  newspapers  would  suppose. 
The  amount  of  water,  which  now  totals,  with  the  flow  in  the  shaft 
itself,  to  about  350  gal.  per  minute,  is  small  when  compared  with 
that  encountered  in  one  of  the  headings  of  the  pressure  tunnel 
under  the  Rondout  Valley,  which  amounted  to  2  000  gal.  per 
minute.  This  flow,  diminishing  gradually  to  1  200  gal.  per  minute, 
has  been  pumped  for  many  months  past  through  a  500-ft.  shaft 
to  the  surface.  In  spite  of  the  interference  with  the  progress  which 
it  caused,  the  tunnel  has  been  successfully  driven  through  the 
porous  rock  and  is  now  in  process  of  being  lined  with  concrete. 

It  is  interesting  to  note  that  analyses  of  samples  of  the  water 
coming  into  the  Hudson  River  tunnel  through  the  seam  mentioned 
show  it  to  contain  much  more  chlorine  than  samples  of  the  river 
water  taken  at  the  same  time,  even  at  flood  tide  when  the  chlorine 
content  of  the  river  water  is  a  maximum.  For  instance,  samples 
taken  from  the  river  at  low  tide  and  from  the  tunnel  on  June  12, 
1911,  showed  14.5  parts  and  4  150  parts  of  chlorine  respectively 
per  million.  The  tunnel  water  has  been  referred  to  by  the  geolo- 
gists as  "  fossil  "  water  that  has  been  stored  for  ages  in  the  seams 
far  below  the  drainage  level  and  below  the  zone  of  circulation. 

The  heading  from  the  west  shaft  has  been  practically  dr}'  the 
entire  distance  of  over  800  ft.  A  similar  equipment  of  pumps, 
however,  is  to  be  installed  there  as  in  the  east  tunnel,  and  a  con- 
crete bulkhead  built.  The  contract  provides  that  "  if  ordered  in 
any  stretch  of  tunnel  a  test  drill  hole  to  be  paid  for  "  by  the  city 
"  shall  be  carried  about  10  ft.  in  advance  of  holes  used  for  blast- 
ing." These  holes,  called  "  pilot  holes,"  are  intended  to  give 
warning,  before  blasting  is  done,  of  any  water-bearing  seam  which 
may  be  in  advance  of  the  heading,  and  the  precaution  of  drilling 
them  is  being  followed  regularly,  though  not  always  to  the  full 
depth  of  10  ft.  which  may  be  required. 

An  interesting  feature  of  the  shaft  sinking  and  tunnel  driving  is 
thus  described  by  Messrs.  Dodge  and  Hoke: 

"  A  phenomenon  which  is  peculiar  and  disconcerting  to  the 
workmen  in  the  shafts  is  that  of  jiopping  rock.  Without  warning 
there  will  be  a  loud  report  like  a  pistol  shot,  and  a  piece  of  rock 
from  the  wall  will  fly  into  or  across  the  shaft.     Usually  the  frag- 
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inent  is  small  and  does  no  damage,  but  at  times  has  caused  in- 
juries of  minor  nature.  This  popping  may  occur  from  rock  sur- 
faces which  have  been  uncovered  several  days.  It  has  not  been 
very  frequent  and  was  first  noticed  in  the  west  shaft  at  elevation 
— 450.  Prof.  W.  O.  Crosby  has  explained  the  phenomenon  as 
an  explosion  resulting  from  the  local  relief  from  mechanical 
pressure  to  which  the  rock  is  subjected  by  the  wodge-like  structure 
of  the  granite  underlying  the  river.    He  says: 

"  '  The  relief  will  normally  find  expression  either  in  scaling 
or  in  the  development  of  cracks  or  rifts,  which,  tending  to  be 
parallel  with  the  east  and  west  sides  of  the  shafts,  will  rather 
seldom  be  subject  to  direct  observation.  Every  such  snapping 
or  sudden  giving  way  or  rifting  of  the  granite  gives  rise  to  a 
miniature  earthquake. 

"  '  I  may  add  that  this  is  a  fairly  common  happening  in  mines 
and  quarries.  Often  in  quarries  the  compressive  strain  is  measured 
by  an  appreciable  stretching  of  the  rock  when  released,  so  that 
it  would  be  impossible  to  force  a  block  into  the  space  which  it 
formerly  occupied.  This  phenomenon  of  spontaneous  snapping 
and  rifting  has  recently  been  described  as  occurring  in  some  of 
the  deep  Lake  Superior  copper  mines. 

"  '  That  it  was  not  observed  nearer  the  surface  in  the  Hudson 
River  shafts  is  probably  due  to  the  relief  long  since  afforded  by 
the  erosion  of  the  gorge  of  the  Hudson.  It  should  not  be  regarded 
as  jeopardizing  appreciably  the  .security  of  either  shafts  or  tunnel, 
and  it  is  evident  that  we  have  here  a  powerful  agent  tending  to 
tighten  and  close  up  seams  in  the  granite.'  " 

I  cannot  close  this  paper  without  calling  attention  to  tlu^  very 
efficient  service  rendered  by  the  division  engineer,  Mr.  William 
E.  Swift,  in  connection  with  the  work  described.  He  has  been  in 
(hrect  charge  of  this  ])articular  problem  from  the  inception  of  the 
work  in  1905  until  the  present  time.  Under  the  chief  engineer, 
Mr.  J.  Waldo  Smith,  it  is  due,  in  a  large  measure,  to  Mr.  Swift's 
zeal  and  to  his  intelligent  attention  to  the  work  that  so  many 
obstacles  to  success  have  be(Mi  overcome  and  that  the  tunnel  is  so 
far  advanced  toward  comj^letion. 

The  designs  for  the  ])ressure  tunnel  and  its  ap])urtenances  were 
made  by  Mr.  Thomas  H.  Wiggin,  senior  designing  engineer,  and 
his  assistants,  working  under  the  direction  of  Mr.  Alfred  D.  Flinn, 
engineer  in  charge  of  head(iuarters  dcjiartment,  and  of  the  chief 
engineer.  The  specifications  for  Contract  90  were  prepared  by 
head(juarteis  dei:)artment  with  the  coiijx'ration  of  Mr.  Ralph  N. 
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Wheeler,  division  engineer,  Northern  Aqueduct  Department. 
The  writer  has  had  general  supervision  of  the  field  work  as  engi- 
neer in  charge  of  the  latter  department.  He  is  indebted  to  Mr. 
Wheeler  for  much  assistance  in  the  preparation  of  this  paper. 
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PROTECTION  OF  STEEL  PIPES  IX  CATSKILL 
AQUEDUCT. 

BY    ALFRED    D.    FLINN,    DEPARTMENT    ENGINEER,    BOARD    OF    WATER 
SUPPLY    OF   THE    CITY    OF   NEW    YORK. 

[Riad  Srplrmhi'r  I/,,  1011.] 

New  York  City's  Catskill  wat(n-  system,  final  surveys  for  wliieli 
were  begun  six  years  ago,  is  now  so  well  known  that  even  a  brief 
outline  is  unnecessary  as  a  foreword  to  this  paper.  In  the  92  miles 
of  5()0-millipn-gallon  aqueduct  l^etween  Ashokan  Reservoir  and  the 
city  line  there  are  numerous  valleys  to  be  crossed,  varying  in 
width  from  a  few  hundred  feet  to  several  miles.  For  fourteen  of 
these  depressions,  steel-pipe  siphons  were  determined  upon  as  the 
most  economical  and  otherwise  suitable  type  of  construction. 
Seven  siphons  are  in  the  Northern  Acjueduct  department  north  of 
Croton  watershed,  and  the  remaining  seven  are  in  the  Southern 
Aciueduct  department;  they  are  Ijeing  constructed  under  two  cor- 
responcUng  contracts:  No.  62,  with  the  Snare  &  Triest  Company, 
and  No.  68,  with  the  T.  A.  Gillespie  Company.  West  of  the 
Hudson  River  there  are  three  siphons,  and  east  of  the  river,  eleven. 

To  convey  water  to  the  full  capacity  of  the  other  portions 
of  the  aqueduct,  three  pipes  will  ultimately  be  required,  but 
since  the  city  does  not  need  th(>  whole  capacity  for  a  numlier 
of  years,  only  the  middle  pipe  of  each  siphon  is  now  being  laid. 
Between  Ashokan  Reservoir  and  the  Croton  divide,  the  pi])es  are 
approximately  9  ft.  in  (li;uneter;  from  th(>  Ci-oton  divide  to  the 
connection  for  the  proposed  hltcn-  })lant  they  are  about  9.")  ft. 
in  diameter;  and  from  th(>  latter  \)om\  to  Hill  \'ie\v  Reservoir, 
11  ft.,  for  economical  reasons,  de))ending  u])()n  the  available 
slope.  Of  course,  the  middle  ])i])e  alone  will  carr>'  far  more  than 
one  third  the  capacity  of  the  X\\vcv.  j)i])es  all  together, —  the  capa- 
city of  one  pipe  alone,  when  forced,  being  estimated  at  ai)proxi- 
mately  350  million  gallons  daily.  At  each  end  of  each  si])hon  is 
a  concrete  siphon  chainl)er,  foiining  the  connection  with  tlu^  ad- 
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jacent  cut-and-cover  or  tunnel  portion  of  the  atiueduct.  In  each 
chamber,  sluice  gates  for  controlling  the  flow  of  water  into  the 
several  pipes  wall  be  installed.  These  chambers  will  have  suitable 
superstructures;  the  chambers,  but  not  their  superstructures, 
are  included  in  the  contracts  mentioned. 

TABLE  I. 

Dimensions  of  Catskill  Aqueduct  Pipe  Siphons. 


NORTHERN   AQUEDUCT    DEPARTMENT. 

West  of  Hudson  River. 


Name  of  Siphon. 

Length 
Feet. 

Thickness  of  Plate, 
Inches,    and    Kind 
of  Joint. 

Maxi- 
mum 
Head, 
Feet. 

Diameter  of 
Pipe  Shell. 

Finished  Diam 
of  Siphon. 

Esopus 

Tongore    

2,110 

643 
53 

A;  lap. 
A;  lap. 

Ys',   long,  seams 
butt-jointed. 

A;  lap. 

107 

72 

90 

9  ft.  6  in. 
9  ft.  6  in. 

9  ft.  6  in. 

9  ft.  2  in. 
9  ft.  2  in. 

Total 

Washington  Square, 

696 
3,281 

9  ft.  2  in. 

East  of  Hudson  River. 


Foundry  Brook 

Total. . .  . 
Indian  Brook  . 
Sprout  Brook .  . 

Total.  .  .  . 
Peekskill 


Total. 


3,490 

288 


3,778 

608 

1,061 

119 

1,044 


2,224 

2,162 

218 

1,251 

1,876 

1,025 

139 


6,671 


A;   lap. 
h;   lap. 


16 ;  lap. 


A;  lap. 
i;   lap. 

^;   long,  seams 
butt-jointed. 


A;   lap. 
^;   lap. 

^;   long,  seams 
butt-jointed. 
Ys',   long,  seams 

butt-jointed. 

j^ ;   long,  seams 

butt-jointed. 

f ;   long,  seams 

butt-jointed. 


192 

70 
234 

340 


Oft.  6 in. 

9  ft.  6  in. 
9  ft.  6  in. 

9  ft.  6  in. 


9  ft.  2  in. 

9  ft.  2  in. 
9  ft.  2  in. 

9  ft.  2  in. 


I'l.ATi:  1. 
N.  ic.  ^^ .  w  .  Assix  lA  riDN. 

SEPTEMBER,   Hill. 

FLIXX   ON 

I'KUTKCTION    OF   STKKL    PIPK. 


FOIXUUV     I'.KOOK     SlI'lION. 


Whilcw  aslic'd  '.I  ft.  I)   ill.    pijx's;    linislicd  cartli   ticiicli  with  diu'    type   of 
concrete  cradles   in  foreiji'onnd. 
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TABLE   I.— Continued. 


SOUTHERN  AQUEDUCT  DEPARTMENT. 


Name  of  Siphon. 

Length 
Feet. 

Thickness  of  Plate, 
Inches,    and     kind 
of  Joint. 

Maxi- 
mum 
Head, 
Feet. 

Diameter  of 
Pipe  Shell. 

Finished  Diam. 
of  Siphon. 

Hunters  Brook  .... 
Turkey  Mountain .  . 
Harlem  Railroad  .  .  . 

Kensico 

Elmsford 

Fort  Hill         

1,493 
1,510 
694 
1,625 
1,490 
1,267 

2,714 

150 

2,465 

255 

T^;  lap. 
^■,  lap. 
A;  lap. 
A;  lap. 
A;  lap. 
A;  lap. 

i^;  lap. 
i;  lap. 

§;  long,    seams 
butt-jointed. 
Ys',  long,    seams 
butt-jointed. 

110 
92 
60 
SO 

68 

72 

214 

9  ft.  9  in. 

9  ft.  9  in. 

9  ft.  9  in. 

9  ft.  9  in. 
11  ft.  3  in. 
11  ft.  3  in. 

11  ft.  3  in. 

9ft.    Sin. 

9ft.    Sin. 

9ft.    Sin. 

9ft.    Sin. 
10  ft.  11  in. 
10  ft.  11  in. 

Bryn  Mawr 

10  ft.  11  in. 

Total 

5,584 

Total  length  of  all  .siphons,  33,031  ft. 

Efficiency  of  single-riveted  lap  joints,  about  50  per  cent.;  (louble-riveted 
lap  joints,  70  per  cent.,  and  of  tri])le-rivetcd  butt  joints,  81  per  cent. 


Having  settled  upon  nietul  i)i})es,  the  next  most  important  pliasc 
of  the  problem  was  to  make  tiic^se  siphons  as  nearly  as  feasible 
comparaljle  in  (lural)ility  to  the  masonry  types  of  aqueduct. 
Attention  was  directed  first  to  finding  a  pi])e  metal  l(>ss  corrodible 
than  steel.  Such  evidence  as  was  at  hand  and  could  be  collected 
within  the  time  at  oin-  (Usposal,  pointed  to  genuine  wrought  iron 
as  being  possibly  superior  in  this  re.spect  to  other  metals.  Investi- 
gation, however,  disclosed  the  facts  that  wrought  iron  could  not 
be  obtained  in  sufficiently  large  sheets,  and  its  strength  would  be 
less,  hence  the  thicknesses  of  tlu^  ))i])es  would  be  grc^ater,  leading 
to  greater  cost.  Cost  would  not  have  been  a  controlling  factor 
if  satisfactory  assurance  of  accom])lishing  the  desired  result  had 
accompanied  increased  expenditui-e.  Deliveries,  furthermore, 
would  probably  have  been  too  slow  for  the  necessary  progress  in 
construction.  Consequently,  it  was  decided  to  tise  the  best 
available  quality  of  steel. 

Steel  having  been  selected  as  the  metal  for  the  pijx'  i)lates,  at- 
tention was  directed  to  the  best  method  of  i)rotecting  it.  Re- 
ports of  experience  from  many  ]:)laccs  and  sjK'cial  examinations 


348 


PROTECTION    OF    STEEL    PIPE. 


FLINN.  349 

of  many  sfcol  pipe  lines  of  varyin<>;  ajies  gave  convincing  proofs 
that  none  of  the  pijje  coatings  commonly  used  was  possessed  of 
qualities  giving  it  more  than  a  few  j^ears'  useful  life,  with  our  waters 
and  soils.  One  or  two  cases  of  use  of  Portland  cement  mortar  on  a 
small  scale  in  pipes,  and  wide  experience  in  reinforced  concrete 
construction,  of  the  protective  action  of  Portland  cement  on  steel, 
pointed  to  a  method  for  coating  the  i)ipes.  After  some  study  it 
was  decidetl  to  jacket  the  steel  siphons  of  the  aqueduct  outside; 
with  rich  concrete  mixed  about  one  part  of  cement  to  three  ])art^ 
sand  and  six  parts  broken  stone  or  gravel,  with  a  minimum  thick- 
ness, of  6  in.,  and  to  line  them  with  Portland  cement  mortar, 
2  in.  thick  at  the  minimum.  Standard  cross  sections  of  the  jiipes 
are  shown  in  Fig.  1. 

jVIethods  of  applying  the  concrete  and  mortar  next  received 
consideration.  Improvements  for  attaining  intimate,  complete, 
and  permanent  adhesion  hi  s])ite  of  the  unavoidable  changes 
in  shape  and  the  elastic  distortions  of  the  pipes  were  sought, 
along  with  the  most  economical  and  practicable  methods  for  the 
various  steps  in  covering  and  lining.  Preparation  of  the  steel  to 
receive  concrete  and  mortar  was  also  carefully  stucUed.  Numerous 
experiments  were  conducted  especially  on  placing  the  lining. 

Mortar  lining  experiments  were  made  at  nearly  full  size.  A  steel 
pipe  9  ft.  in  diameter  and  12  ft.  long,  of  f  in.  riveted  plates,  was 
lined  by  jilastering  with  metal  reinforcement  of  several  styles, 
by  ])lastei-ing  with  terra  cotta  and  cement  blocks  or  tiles,  and  by 
pouring  grout  or  very  thin  mortar  into  the  space  between  a  cylin- 
drical steel  form  and  the  interior  surface  of  the  pipe.  To  summa- 
rize the  results  In'iefly,  no  combination  of  plasterer's  skill  with 
various  kinds  of  Portland  cement  mortar,  reinforced  or  unreinforced^ 
gave  linings  that  were  adequate,  and  this  method  was  expensive. 
Bedding  tiles  of  terra  cotta  or  mortar  about  f  to  |  in.  thick  and 
6  by  8,  i)  by  12,  and  8  by  12  in.  on  mortar  applied  directly  to  the 
pipe  surface,  and,  after  setting,  building  up  the  lining  to  the  ri>- 
quired  thickness  with  successive  coats  of  mortar  troweletl  on  was 
much  nion".  satisfactory,  but  was  also  expensive.  The  grouting 
method  proved  l)y  far  the  most  satisfactory  and  least  expensive 
and  was  made  the  basis  of  the  specifications.  AVith  pro])er  regard 
for  certain  details,  this  last  .method  gave  promise  of  being  feasible 
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in  actual  construction.  It  also  had  the  advantage  of  producing' 
a  monolithic  lining,  which  was  considered  desirable,  especially  in 
the  avoidance  of  layers,  or  lamina,  in  the  thickness,  since  it  is 
well  known  to  be  difficult  to  cause  one  layer  of  Portland  cement 
mortar  or  concrete  to  adhere  absolutely  and  permanently  to  an- 
other without  expensive  and  troublesome  precautions.  As  the 
successive  experimental  linings  were  removed  from  the  test  pipe 
it  was  observed  quite  generally  that  linings  applied  in  layers  sepa- 
rated. 

As  the  result  of  these  studies  and  experiments,  the  following 
specifications  were  written: 

Extracts   from   Contract  62. 
general  sections. 

Order  of  Work. 

Sect.  19.  The  steel  pipe  shall  be  laid,  tested,  and  made  tight 
against  hydrostatic  pressure;  then  surrounded  by  concrete  while 
still  under  the  normal  hydrostatic  pressure,  after  which  the  mortar 
lining  shall  be  placed.  Except  at  overhead  stream  crossings, 
no  stretch  of  pipe  shall  be  left  not  well  protected  from  frost  be- 
tween stretches  of  pipe  around  which  concrete  has  been  placed. 
As  soon  as  practicable  after  the  concrete  covering  and  mortar 
lining  have  been  placed,  the  pipe  shall  be  covered  with  earth; 
and  all  pipe  covered  with  concrete,  whether  or  not  mortar  lining 
has  been  placed  in  it,  shall  be  protected  in  freezing  weather  by  at 
Jeast  one  foot  of  earth. 

9|-FOOT    STEEL    PIPE. 

(Items  19  to  24.) 

Work  Included. 

Bect.  19.1.  Under  Items  19  to  24  inclusive,  the  contractor 
shall  furnish  and  lay,  test,  and  make  tight  the  9-ft.  6-in.  steel  pipe 
between  the  siphon  chambers  at  each  siphon.  The  pipes  will  vary 
in  thickness  according  to  depth  below  the  hydraulic  gradient  of  the 
aqueduct,  and  are  grouped  in  the  six  items  according  to  thickness, 
irrespective  of  location. 

Material. 

Sect.  19.2.  Steel  for  plates  and  rivets  shall  be  made  by  the 
basic  open-hearth  process.  Steel  for  plates  shall  fulfill  the  require- 
ents  for  "  flange  steel  "  and  rivets  for  "  extra  soft  steel  "  as  given 
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ill  the  Standard  Specification  for  Open-Hearth  Boiler  Plate  and 
Rivet  Steel,  adopted  August  16,  1909,  by  the  American  Society  for 
Testing  Materials.  All  specimens  and  records  shall  be  furnished 
and  analyses  and  tests  made  as  therein  provided.  The  engineer 
shall  be  informed  in  advance  of  all  times  of  sampling  and  testing 
and  be  permitted  to  witness  such  of  these  operations  as  he  desires. 
Duplicate  samples  shall  be  furnished  to  the  engineer  whenever 
required. 

Dimensions. 

Sect.  19.3.  The  pipes  shall  be  made  with  alternate  inside  and 
outside  courses,  and  the  designated  diameter  of  9  ft.  6  in.  shall  be 
measured  as  the  inside  of  the  inside  course.  The  lengths  of  the 
courses,  unless  otherwise  permitted,  shall  be  7  ft.  6  in.  center  to 
center  of  circular  joints  on  regular  straight  pipe,  and  on  the  long 
side  of  courses  cut  or  beveled  to  form  angles  or  curves.  Each  course 
shall  be  formed  of  not  more  than  two  plates. 

The  plates  used  and  the  design  of  joints  shall  be  as  given  in  the 
table  on  Sheet  26  [Fig.  2]  of  the  drawings.  Slight  variations  from 
the  dimensions  given  will  be  allowed  provided  they  do  not,  in 
the  opinion  of  the  engineer,  affect  the  strength  of  the  joint. 

Shaping  and  Rolling  Plates. 

Sect.  19.4.  The  plates  shall  be  rolled  to  true  cylinders  while 
cold.  No  heating  nor  hammering  shall  be  allowed  for  shaping 
or  curving,  nor  for  any  other  purpose.  All  parts  shall  be  adjusted 
to  a  perfect  fit  and  properly  marked. 

Other  than  Riveted  Joints  Permitted. 

Sect.  19.5.  Joints  formed  by  welding  or  by  special  devices, 
giving  strength  equal  to  or  greater  than  that  of  the  riveted  joint 
specified  above,  will  be  allowed  on  proof  of  efficiency  and  lasting 
qualities  satisfactory  to  the  engineer,  but  no  reduction  in  thick- 
ness of  plate  will  be  considered. 

Planing  and  Calking. 

Sect.  19.6.  The  edges  of  plates  that  are  |  in.  or  more  thick 
shall  be  planed.  Lap  joints  shall  be  calked  all  around,  both  inside 
and  outside,  and  butt  joints  shall  be  calked  outside  only.  At  the 
end  of  each  course  and  at  the  junction  of  the  circular  and  longi- 
tudinal seams,  the  plates  shall  be  reduced  by  hammering  to  a  fine 
edge,  through  which  two  rivets  of  the  circular  seam  shall  be  driven 
to  insure  tightness. 
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Rivet  Holes. 


Sect.  19.7.  The  work  shall  be  carefully  and  accurately  laid 
out  and  all  rivet  holes  shall  be  spaced  with  precision.  Holes 
in  |-in.  and  thicker  plates  shall  be  drilled  from  the  solid  or  punched 
to  an  ap])roved  size  and  reamed.  Punched  holes  shall  be  clean  cut, 
without  torn  or  ragged  edges,  and  in  punching  only  the  best  and 
sharpest  punches  and  dies  shall  be  used.  The  engineer  shall  have 
the  right  to  order  a  change  of  punch  or  die  whenever  the  holes  are 
not  punched  to  his  satisfaction.  All  burrs  or  splits  caused  by  punch- 
ing shall  be  removed  by  counter-sinking. 

Holes  N^ot  Drifted. 

Sect.  19.8.  Corresponding  holes  shall,  without  enlarging, 
comcide  to  within  about  :5V  in.,  and  all  plates  in  which  corre- 
sponding holes  do  not  so  coincide  shall  be  rejected,  unless  the 
engineer  shall  be  of  the  opinion  that  the  conditions  of  stress  are 
such  at  the  point  in  question  as  to  make  a  more  extensive  en- 
largement safe.  Drift  pins  shall  not  be  used  in  forcing  holes, 
but  any  perceptible  lack  of  coincidence  in  acceptable  plates  shall 
be  corrected  by  a  sharp  reamer  or  drill. 

Rivelituj. 

Sect.  19.9.  All  riveting  in  longitudinal  seams  shall  ])e  done 
by  hydraulic,  compressed  air  or  steam  macliinery,  exerting  a 
pressure  on  each  rivet  sufficient  to  produce  the  best  results.  This 
pressure  shall  be  retained  until  the  rivet  head  has  been  perfectly 
formed  and  the  metal  has  lost  its  red  color.  Before  any  rivets 
are  driven,  the  plates  shall  be  brought  into  close  contact  by  a 
suitably  applied  pressure,  which  shall  be  maintained  until  the 
rivets  are  driven.  All  rivets  shall  be  driven  at  such  heat  as  to 
give  the  best  possible  results.  Any  rivet  that  is  in  any  way  de- 
fective shall  be  cut  out  and  replaced  by  one  that  is  acceptable. 
All  rivets  shall  be  perfect  in  form;  when  driven  th(^y  shall  com- 
pletely fill  the  holes  and  have  heads  of  proper  form  and  size, 
free  from  checks  and  cracks,  and  truly  concentric  with  the  shank. 
Rivets  of  extra  length  shall  be  used  when  riveting  through  more 
than  two  thicknesses,  and  in  all  places  where  castings  or  flanges 
of  any  description  are  to  be  attached  to  the  pipe.  All  rivet  heads 
inside  the  pipe  on  the  butt  strap  of  the  smalhT  rings  of  pipe 
shall  be  of  an  approved  flattened  shape,  sul)staatially  as  shown  on 
Sheet  6;   all  rivets  may  be  so  made,  if  desired. 

Samples  of  Riveting. 

In  order  to  prove  the  sufficiency  of  proposed  rivet  driving 
pressures  and  of  methods  and  apparatus  for  both  sh()]i  and  field 
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joints,  the  contractor  shall  supply,  as  directed,  sanij^les  of  each 
land  of  joint  and  rivetinj;-  both  in  thin  and  in  thick  plates. 
These  samples  will  be  from  5  in.  to  10  in.  wide  and  12  in.  to  30  in. 
long  after  fabrication.  Not  over  fifteen  samples  will  be  rcjquired 
unless  the  results  of  any  test  indicate  unsatisfactory  methods,  in 
which  case  such  tests  shall  ho  repeated  until  satisfactory  methods 
are  used. 

Testing  Samples. 

The  contractor  shall  do  such  sawing  as  required  through  ])lates 
and  rivets,  to  show  the  degree  of  closeness  with  which  tlu;  rivets 
fill  the  holes.  Labor  and  materials  required  to  furnish  and  test 
these  samples,  as  above  specified,  will  not  l)e  estimated  for  pay- 
ment, but  compensation  therefor  wnll  be  considered  as  included 
in  the  prices  stipulated  for  the  various  items  of  steel  pipe. 

Connections. 

Sect.  19.10.  Manhole,  blow-off,  and  drain  castings  paid  for  under 
Item  25  are  to  be  attached  to  the  pipe  as  shown  on  Sheets  28  [Fig.  3], 
30  [Fig.  4],  and  33  [Fig.  5];  the  pipe  is  to  be  reinforced  at  certain 
manholes  and  at  all  ends  entering  the  castings  at  siphon  chambers. 
An  air-valve  is  to  be  connected  to  the  pipe  at  Peekskill  siphon 
and  one  at  Foundry  Brook  siphon,  the  reinforcement  of  the 
plate  and  cutting  and  threading  of  the  hole  being  included  in 
these  items.  All  cutting,  punching,  riveting,  calking,  and  other 
work  necessitated  ])y  these  connections  shall  be  included  in  the 
prices  stipulatcnl  for  these  items  and  for  Item  25  (steel  castings). 

Hand  and  Grout  Holes. 

Sect.  19.11.  Holes  tapped  for  2-in.  pii)e,  for  introducing 
hot  rivets,  and  for  grouting  shall  be  provided  in  the  top  of  the 
pipe  as  nearly  as  practicable  at  the  uphill  end  of  each  outside 
course,  in  order  to  prevent  air  pockets  during  grouting.  Addi- 
tional holes  shall  be  placed  as  required  at  curves,  where  lining 
is  to  be  built  in  short  lengths.  These  openings  in  vV-iii-  and 
|-in.  plates  shall  be  reinforced  by  a  plate  riveted  on,  or  in  some 
other  approved  manner,  and  shall  be  closed  after  grouting  by 
threaded  plugs,  so  as  to  be  water-tight. 

Curves. 

Sect.  19.12.  Wherever  changes  in  line  or  grade  of  the  pipe 
make  angles  necessary,  they  shall  be  formed  ))y  cutting  and 
beveling  the  ends  of  a  sufficient  number  of  courses  1o  ])fo(hice 
the  desired  total  deflection  or  curvature. 
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Stoppiftg  Leaks;   Rivet  Calking. 

Sect.  19.13.  All  leaks  shall  be  stopped  bj'  suitable  calking 
with  the  proper  tools.  Rivet  calking  shall  not  be  allowed  if 
the  rivet  is  loose,  nor  unless  the  leak  is  very  slight  and  easily 
closed.  Otherwise  the  rivet  shall  be  cut  out  carefully  and  a  new 
one  inserted  and  headed  up  tight  while  hot.  If  the  leaks  are  nu- 
merous and  of  a  nature  not  to  be  well  repaired,  the  whole  section 
shall   be   rejected. 

Transportation. 

Sect.  19.14.  During  transportation  and  in  loading  and  un- 
loading the  pipes,  more  than  ordinary  care  shall  be  taken  to 
prevent  injury,  and  such  work  shall  be  done  slowly,  with  the 
pipe  at  all  times  under  perfect  control,  and  under  no  conditions 
shall  a  pipe  be  dropped.  In  distributing  the  pipes  in  the  field, 
each  piece  shall  be  placed  as  near  as  possible  to  the  point  where 
it  is  to  be  laid  and  faced  in  the  proper  direction.  Suitable  skids 
or  blocks  shall  be  left  under  each  pipe,  which  shall  be  securely 
wedged  to  prevent  movement  until  the  pipe  is  required.  In  case 
any  pipe  receives  any  indentation  or  deformation,  it  shall  be  re- 
turned to  the  proper  shape  by  satisfactory  methods,  if  such  re- 
pairs are  acceptable;  otherwise,  it  shall  be  replaced  with  a  new 
pipe  at  the_expense  of  the  contractor. 

Laying  Pipe. 

Sect.  19.15.  The  pipe  shall  be  laid  accurately  to  line  and 
grade.  It  shall  be  supported  either  by  suitable  temporary  block- 
ing and  wedges  or  by  other  approved  means,  at  a  sufficient  number 
of  points  to  prevent  deformation  when  filled  with  water  during 
testing  and  concreting.  If  blocking  be  used,  it  shall  be  removed 
as  the  concrete  work  progresses,  care  being  taken  to  prevent  settle- 
ment of  the  pipe. 

Field  Testing. 

Sect.  19.16.  When  the  steel  shell  at  any  siphon,  or  a  suffi- 
cient length  of  it,  is  completed,  it  shall  be  tested  with  water  un- 
der pressure  corresponding  to  the  hydraulic  gradient  of  the  aque- 
duct at  this  point,  and  all  leaks  shall  be  calked  and  made  tight. 
The  contractor  shall  furnish  the  clean  water,  bulkheads,  con- 
nections, and  all  apparatus  necessary,  and  shall  be  responsible 
for  any  damage  resulting  from  the  test. 

Pipe  Held  Full  during  Covering. 

Water  at  full  pressure  shall  be  kept  in  the  pipe  during  the  placing 
of  the  concrete  covering  and  until  the  concrete  last  placed  shall 
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have  set  for  at  least  forty-eight  hours.     The  contractor  shaU  then 
free  the  pipe  from  water. 

Cleaning  and  Protection  from  Rust. 

Sect.  19.17.  During  fabrication  into  pipe,  all  steel  plates, 
at  each  joint  where  one  plate  covers  another,  shall  be  entirely 
free  from  mill  scale,  from  any  but  light  rust,  and  from  all  dirt, 
grease,  or  other  foreign  matter.  Furthermore,  when  concrete  is 
placed  around,  or  mortar  lining  placed  within,  any  section  of  pipe, 
the  surface  of  the  plate  shall  be  similarly  clean.  The  degree  of 
cleanliness  and  freedom  from  scale  required  shall  be  such  as  pro- 
duced by  thorough  sand-blasting  or  thorough  pickling;  i.  e., 
such  that  the  surface  of  the  steel  itself  is  exposed.  The  initial 
cleaning  may  be  done  at  the  mill  provided  the  steel  is  adequately 
protected  and  necessary  field  cleaning  is  done.  The  exposed 
surface  of  pipe  at  the  overhead  stream  crossings  at  Tongore,  Foun- 
dry Brook,  and  Indian  Brook  siphons  shall  be  given  three  coats 
of  approved  paint,  applied  to  metal  cleaned  as  above  specified. 
Two  of  the  coats  shall  be  applied  after  erection. 

Measurement  and  Payment. 

Sect.  19.18.  The  quantity  to  be  paid  for  under  each  of  the 
items  19  to  24  inclusive  shall  be  the  total  number  of  linear 
feet  of  9|-ft.  steel  pipe  shell  laid,  measured  along  the  axis  of  the 
pipe  line  after  laying.  The  price  shall  cover  all  labor  and  materials 
necessary  to  furnish  and  lay  the  steel  pipe  shell,  do  all  cleaning 
and  testing,  perform  all  work  on  connections  not  specifically  in- 
cluded in  Item  25,  and  complete  the  pipe  in  the  manner  specified. 

MORTAR   LINING    FOR   STEEL    PIPES. 

(Item  26.) 
Work  Included. 

Sect.  26.1.  Under  Item  26  the  contractor  shall  build  a  mortar 
lining  inside  the  steel  pipe  and  cast-iron  bell  castings  as  specified, 
directed  or  approved. 

Description  and  Proportions. 

Sect.  26.2.  The  lining  shall  consist  of  Portland  cement  and 
sand,  mixed  in  ordered  proportions,  probably  one  part  of  cement 
to  two  parts  of  sand.  The  quality  of  the  sand  shall  be  as  speci- 
fied under  Items  28  to  30..  Reinforcement,  if  used,  will  be  paid 
for  under  Item  27.  The  lining  shall  be  of  substantially  uniform 
thickness  throughout  the  entire  circumference  except  for  the  un- 
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avoidable  variations  due  to  lap  of  the  plates,  butt  straps,  and  rivet 
heads.  The  thickness  over  the  inner  course  of  plates  is  to  l^e  2  in., 
that  is,  the  internal  diameter  of  the  lining  shall  be  four  inches  less 
than  the  nominal  diameter  of  the  steel  shell. 

Forms. 

Sect.  26.3.  Forms  shall  be  of  steel,  or  of  wood  covered  with 
galvanized  sheet  steel,  and  shall  be  especially  constructed  so  as 
to  have  sufficient  strength  and  yet  be  adjustable  so  as  to  give 
a  uniform  space  between  them  and  the  shell  of  the  pipe.  Great 
care  shall  be  exercised  to  secure  forms  which  will  leave  the  surface 
of  the  lining  perfectly  smooth.  Forms  which  give  unsatisfactory 
results  after  use  shall  be  satisfactorily  repaired  or  replaced. 
The  length  of  the  sections  of  forms  will  not  be  restricted  provided 
satisfactory  means  are  adopted  for  controlling  the  uniform  thick- 
ness of  the  lining  and  the  correct  spacing  of  the  reinforcement, 
but  sufficient  sections  shall  be  provided  adapted  for  lining  the 
pipe  on  curves,  where  lining  shall  be  placed  in  sections  about  7  ft. 
long.  Each  time  the  forms  are  used  they  shall  be  thoroughly 
cleaned  and  then  coated  with  some  approved  inadhesive  substance 
which  will  prevent  the  mortar  from  sticking  to  the  forms  without 
injuring  the  mortar.  The  lining  of  manhole  castings,  and  of  the 
blow-off  elbows  to  the  sockets,  shall  be  monolithic  with  the  lining 
of  the  steel  shell,  and  forms  shall  be  so  constructed  as  to  permit 
this  method. 

Method  of  Placing.. 

Sect.  26.4.  The  lining  shall  in  general  be  placed  by  pouring 
as  grout  around  an  internal  form,  through  holes  cut  in  the  top 
of  the  pipe  for  that  purpose  in  the  manner  and  at  locations  speci- 
fied in  Section  19.11.  Sections  shall  be  so  terminated  as  to 
bring  a  hole  at  the  upper  end  which  shall  be  arranged  as  an  air 
vent.  The  mortar  shall  be  mixed  to  a  thick  creamy  consistency 
and  allowed  to  flow  into  place  as  uniformly  as  possible.  When 
the  section  is  filled  to  the  top,  the  pouring  of  the  grout  shall  be 
continued  until  grout  runs  from  the  air  vent;  then  headers  of 
steel  pipe  shall  be  screwed  into  the  inlet  and  outlet  holes  and  filled 
with  grout  so  as  to  put  a  head  of  at  least  4  ft.  on  the  highest  part 
of  the  section,  and  these  headers  shall  be  kept  filled  with  grout 
until  the  grout  has  set,  when  the  pipe  shall  be  removed  and  the 
hole  made  water-tight  by  a  screw  plug.  During  the  pouring  of 
the  grout,  the  form  shall  be  tapped  to  loosen  air  bubbles,  and  a 
careful  watch  shall  be  maintained  to  prevent  leaks.  The  work 
shall  be  so  planned  that  the  grout  can  be  poured  continuously 
from  start  to  finish  of  the  section.    Any  interruption  greater  than 
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fifteen  miiiLilef^,  ^vhelllel•  due  tu  leaks  or  any  other  cause,  may  be 
sufficient  reason  for  the  rejection  of  the  entire  section. 

Lining  with  Plaster. 

Sect.  26.5.  Should  there  by  any  portion  of  the  interior  of  the 
pipe  which  it  is  impracticable  to  line  by  grouting,  this  portion 
shall  be  lined  by  plastering  the  pipe  with  mortar,  mixed  as  specified 
in  Section  26.2.  Only  skilled  masons  or  plasterers  shall  be  allowed 
to  do  this  plastering,  and  a  scH'tion  once  started  shall  be  prosecuted 
until  finished,  with  only  such  pauses  as  are  necessary  for  a  sufficient 
setting  of  a  layer  to  permit  the  next  layer  to  be  placed.  Each 
layer  shall  be  as  thick  as  is  feasible  to  apply,  so  that  as  few  layers 
as  possible  may  be  necessary.  The  surface  of  each  layer,  except 
the  final  one,  shall  be  brushed  to  thoroughly  remove  the  laitance 
and  then  deeply  scratched  or  otherwise  satisfactorily  treated  to 
give  a  bond  with  the  succeeding  layer. 

Removal  of  Forms. 

Sect.  26.6.  The  forms  shall  be  removed  within  twelve  hours 
of  the  time  set  by  the  engineer,  and  the  section,  if  a<;cepted,  shall 
receive  immediately  such  repairs  as  required,  in  the  manner  di- 
rected. It  is  possible  that  the  lower  part  of  the  lining  will,  in 
many  cases,  show  a  sandy  surface,  and  if  so,  it  shall  be  brushed 
with  enough  neat  cement  wash  to  fill  the  pores  and  no  more,  and 
troweled  to  a  smooth  finish.  Any  section  not  accepted  shall  be 
immediately  removed  by  the  contractor  at  his  own  expense  and 
replaced  by  acceptable  lining. 

Prevention  of  Freezing;   Bulkheads. 

Sect.  26.7.  Suitable  bulkheads  shall  be  erected  in  the  pipe 
to  prevent  freezing  inside  the  pipe  either  during  the  placing  of 
the  lining  or  after  its  completion.  They  shall  be  removed  before 
the  completion  of  the  contract,  if  ordered.  Lining  shall  not  be 
placed  in  the  uncovered  pipes  over  streams  during,  or  within  a 
month  before,  freezing  weather,  unless  the  pipe  is  satisfactorily  pro- 
tected, and,  after  lining  these  portions  of  the  pipe,  water  shall  not 
be  allowed  to  stand  and  freeze  there. 

Measurement  and  J'ai/mcnt. 

Sect.  26.8.  For  placing  tlu^  lining  in  the  steel  pipe  and  cast- 
iron  bell  castings,  the  contractor  shall  receive  the  price  per  linear 
foot  of  pipe  stipulated,  the  measurement  to  be  made  along  the  axis 
of  the  pipe,  this  price  to  include  all  labor  and  materials  necessary 
to  complete  the  lining  in  a  thorough  and  approveil  manner  except 
only  that  the  cement  r(H|uir(>d  will  be  ])aid  for  under  Item  '.^o 
(Portland  cement). 
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REINFORCEMENT    OF    MORTAR   LINING    FOR    STEEL    PIPES. 

(Item  27.) 

Description. 

Sect.  27.1.  Reinforcement  may  be  ordered  under  Item  27 
for  any  part  or  the  whole  of  the  mortar  hning.  The  reinforcing 
material  shall  be  galvanized  steel  mesh  of  a  style  and  weight  ap- 
proved, provided,  however,  that  no  reinforcement  shall  be  required 
of  which  the  lowest  price  obtainable  by  the  contractor,  f.o.b. 
New  York  City,  exceeds  f  cent  per  square  foot,  for  lots  of  10  000 
sq.  ft. 

Placing. 

Sect.  27.2.  The  reinforcement  shall  be  placed  approximately 
in  the  center  of  the  mortar  lining.  The  reinforcement  may  be 
kept  away  from  the  pipe  by  distorting  the  reinforcement  at  fre- 
quent intervals,  so  as  to  make  points  projecting  toward  the  pipe. 
Unless  otherwise  permitted,  small  blocks  of  mortar  shall  be  at- 
tached to  the  reinforcement,  for  the  purpose  of  keeping  it  away 
from  the  form.  Metal  shall  be  lapped  at  least  6  in.  at  all  longitu- 
dinal joints. 

Measurement  and  Payment. 

Sect.  27.3.  The  quantity  to  be  paid  for  under  Item  27  shall 
be  the  number  of  square  feet  of  lining,  measured  as  of  a  mean 
diameter  9  ft.  4  in.,  in  which  reinforcement  has  been  ordered  and 
placed.  This  does  not  include  any  ahowance  for  lap.  The  price 
stipulated  shall  include  the  cost  of  the  reinforcing  metal,  royalty 
if  any,  cutting,  shaping,  bending,  wires,  clips,  mortar,  and  other 
devices  used  for  holding  the  reinforcement  in  place,  or  for  splicing 
the  strips;  and  it  shall  further  include  any  additional  expense  of 
forms,  tools,  appliances,  and  labor  other  than  the  expense  that 
would  be  required  for  finishing  the  mortar  lining  under  Item  26 
without  reinforcement. 

All  drawings  reproduced  as  illustrations  are  for  the  9-ft.  6-in. 
pipes.  Corresponding  drawings  for  the  other  sizes  are  similar; 
likewise  standard  dimensions  for  rivet  and  joint  details. 

All  pipes  for  both  contracts  were  fabricated  by  the  East  Jersey 
Pipe  Company,  Paterson,  N.  J.,  from  plates  rolled  at  the  Carnegie 
steel  mills  near  Pittsburgh.  After  the  plates  had  been  bevel-planed 
on  their  edges  and  punched  for  the  rivets,  each  was  bent  to  proper 
radius  by  rolls.     This  latter  operation  cracked  the  mill  scale  and 
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loosened  it  pretty  thoroughl>',  incidentally  removing  a  considerable 
portion;  to  remove  the  remaining  mill  scale,  the  rust,  and  the 
dirt,  the  plates  were  then  dipped  vertically  in  a  wooden  tank 
containing  hot  dilute  sulphuric  acid.  This  pickUng  solution  was 
kept  at  a  strength  of  about  5  per  cent,  of  oil  of  vitriol,  which  was 
approximately  93  per  cent,  pure  sulphuric  acid.  This  bath  was 
maintained  at  a  temperature  near  125°  fahr.,  and  each  plate 
was  in  it  about  fifteen  minutes.  When  removed,  the  plates  were  of 
a  uniform,  clear  steel  gray  all  over,  and  were  at  once  dipjied  in 
clean  hot  water  in  an  adjacent  tank  to  remove  all  acid.  Fitting 
and  riveting  followed  promptly.  The  pipes  were  made  in  15-ft. 
sections,  each  of  two  rings  of  7.5  ft.  net  length.  Each  ring  was  of 
one  plate,  excepting  in  the  11-ft.  3-in.  pipes,  and  in  pipes  made  of 
plates  thicker  than  |  in.,  for  which  two  plates  were  necessary. 

As  a  partial  protection  against  rusting  between  the  times  of 
fabrication  and  of  applying  the  concrete  and  mortar,  each  pipe 
was  given  a  coat  of  heavy  lime  whitewash,  made  as  follows: 
To  one  barrel  of  whitewash  (about  50  gallons)  there  were  added 
20  pounds  of  glue ;  after  using  this  whitewash  for  a  time,  about  one 
pound  of  Portland  cement  was  added  for  each  gallon  of  whitewash ; 
the  glue  was  dissolved  in  water  before  being  mixed  in  the  whitewash. 

This  whitewash  was  applied  with  brushes.  A  spraying  machine 
operated  by  compressed  air  was  tried  but  found  unsatisfactory. 
The  whitewash  did  not  adhere  very  well,  and,  through  lack  of 
care  in  handling  the  pipes,  suffered  more  or  less  almost  as  soon  as 
applied.  This  temporary  coating,  however,  did  not  suffer  from 
abrasion  or  cracking  off  so  much  as  from  exposure  to  the  weather, 
and  even  where  the  whitewash  was  not  disturbed,  light  rusting 
occurred.  The  only  places  where  Xhvre  was  no  sign  of  rusting  was 
around  the  rivets  and  at  joints,  where  the  whitewash  had  formed 
a  very  thick  coating.  Consequently,  the  pijies  arrived  at  the 
trench  witii  more  or  loss  complete  coats  of  light  n'cIIow  rust; 
this  rust  was  very  uniform  on  the  bared  portions  of  the  steel  surface, 
without  indications  of  any  tendency  to  pitting,  and  has  been 
regarded  as  unobjectionable. 

Delays  in  laying  some  of  the  ])ii)es  and  furtiier  delays  in  covering 
them  with  concn^te  are  permitting  the  gradual  formation  of  heavier 
rust,  which  is  being  icino\('(l.  as  required  by  the  specifications. 
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Any  remaining  whitewash  is  also  removed  Ijefore  applying  the 
concrete  or  mortar.  Ease  of  removal  and  absence  of  serious 
effects  upon  the  concrete  or  mortar,  if  small  quantities  should  not 
be  removed,  were  among  the  principal  reasons  for  adopting  lime 
whitewash.  Portland  cement  grout  would  have  adhered  more 
tenaciously,  but  difficultly  of  ultimate  removal  and  its  probable 
interference  with  the  good  adhesion  of  the  final  concrete  and 
mortar  coatings  were  sufficient  arguments  for  forbidding  its  use. 
There  is  room  for  improvement  in  this  step  of  our  process  for 
protecting  steel  pipes.  Final  field  cleaning  is  done  in  short  stretches 
just  in  advance  of  placing  the  concrete  or  mortar.  Commonly 
wire  brushes  alone  are  used,  but  for  some  of  the  worst  places  steel 
scrapers  also  are  employed.  Inside  some  of  the  siphons  the  sur- 
faces of  the  plates  have  been  rubbed  with  empty  cement  bags 
after  the  wire-brushing. 

After  the  bottom  of  the  trench  has  been  shaped,  concrete  cradles 
are  built  in  it  to  support  the  pipes  so  that  the  invert  of  the  jacket 
can  be  placed  underneath.  Where  the  trench  is  in  soft  ground, 
cradles  have  been  carried  down  to  good  foundation.  Their  tops 
are  grooved  to  aid  in  grouting  to  insure  complete  contact  of  the 
cement  protection  with  the  pipe.  In  the  illustrations  a  number 
of  these  cradles  are  shown.  The  size  and  shape  of  invert  cradles 
used  to  date  in  the  Northern  Aqueduct  Department  have  varied  con- 
siderably. The  contractor's  first  choice  was  for  a  block  4  ft.  wide 
(transverse  to  the  pipe  axis)  and  3  ft.  long  (parallel  to  the  pipe  axis). 
This  block  was  cast  using  forms  with  a  top  radius  approximately 
equal  to  the  pipe  radius  and  of  a  thickness  equal  to  the  normal 
contract  requirements.  Trouble  was  experienced  iii  getting  so 
long  a  block  true  to  the  pipe  radius  and  profile,  also  with  breakage. 
The  contractor  next  suggested  a  block  6  ft.  wide  and  2  ft.  long, 
curved  to  the  ])ipe  radius.  This  was  used  only  a  short  time  and  was 
then  modified  by  flattening  the  ends  for  approximately  1  ft.,  leaving 
about  4  ft.  of  cradle  in  contact  with  the  pipe  (Fig.  6) .  Some  trouble 
was  experienced  also  in  getting  this  block  true  to  grade,  and  fre- 
quent breakages  occurred.  Early  this  season  a  few  cradles  were 
made  about  24  in.  square  and  carried  6  in.  below  the  ordinary  sub- 
grade  of  the  trench.  These  cradles  were  laid  to  pipe  grade  and 
have  on  the  whole  been  satisfactory.    Breakages  and  chipping  of 
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edges  have  been  less,  and  on  account  of  the  greater  depth  thei'e 
has  been  httle  trouble  with  undermining.  The  forms  for  this  t\7)(^ 
of  block  are  also  more  easily  set.  Forms  have  consisted  of  light 
lumber  sections  and  have  been  set  true  to  line  and  grade,  alternate 
blocks  being  set  slightly  lower  to  accommodate  the  outside  rings 
of  the  pipe.  The  spacing  of  the  square  blocks  has  been  s>Tiimetrical 
with  respect   to   transverse    joints,   one    block  under   each  ring. 


(//7  roc  A  0/7//J 


/or  /^/e/eyyo/n/' 


Tur/rey  /^ou/^/^/r?  S/^/?on  Coni^.  68 

Corycre/^ff  Cr^c//e  SpBC/n^  o/Cr^cZ/ss  S-Jo/r?/  /^o/^s 


Fig.  6. 
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Field  Riveting. 


With  the  other  blocks  one  has  been  used  under  each  ring,  but  so 
spaced  as  to  give  3  ft.  to  3  ft.  6  in.  calking  space  in  front  of  the 
field  joints.  This  is  an  important  detail  where  wide  blocks  are 
used. 

In  the  Southern  Aqueduct  De])artment  in  all  cases  two  cradles 
have  been  built  under  each  15-ft.  section  of  pipe.    The  size,  shape, 
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and  placing  of  cradles  has  varied  at  the  cUfferent  siphons.  At  three 
siphons  the  cradles  Avere  constructed  with  their  l^earing  surfaces 
molded  to  the  theoretical  rachus  of  the  steel  pipe.  At  Fort  Hill 
siphon  (Fig.  7)  the  cradle  under  the  inside  ring  is  located  with  its 
face  3  ft.  6  in.  from  the  field  joint,  this  cradle  l^eing  2  ft.  wide  and 
having  a  bearing  surface  6  ft.  long  molded  to  the  theoretical  curva- 
ture of  the  pipe.  The  cradle  under  the  outside  ring  is  located  2.5  ft. 
from  the  field  joint,  being  3  ft.  wide,  with  the  same  bearing  surface 
as  the  one  under  the  inside  ring.  At  Elmsford  siphon  (Fig.  7)  both 
cradles  were  made  3  ft.  in  width,  the  one  under  the  inside  ring  being 
located  2.5  ft.  from  the  field  joint,  that  under  the  outside  ring  2  ft. 
3  in.  from  the  field  joint.  These  cradles  have  a  Ijearing  surface  of 
6  ft.,  the  curvature  being  somewhat  flatter  than  the  theoretical  cur- 
vature of  the  steel  pipe.  A  considerable  num])er  of  cradles  have 
cracked  transversely  during  the  process  of  laying  or  after  the  pipe 
has  been  placed.  Some  of  these  cracks  have  been  caused  by  the 
handling  of  the  pipe  on  the  cradles  during  the  process  of  lajdng; 
other  cracks  have  occurred  in  the  sand  cuts,  due  in  some  cases, 
probably,  to  a  slight  settlement  of  the  cradles,  caused  by  ex- 
cavation for  joint  holes,  and  in  other  cases,  on  steep  slopes,  cracks 
have  been  caused  by  settlement  of  cradles  due  to  erosion.  It  is 
probable  that  most  of  these  cracks  are  due  primarily  to  the  uneven 
bearing  of  the  pipe  on  the  cradles. 

After  the  laying  and  riveting  in  the  ditch  have  been  completed, 
the  pipe  is  filled  with  water  to  hydraulic  gradient,  inspected,  and 
leaks  calked.  For  this  purpose  —  since  the  siphon  chambers  have 
not  been  built  in  time  —  bulkheads  have  been  placed  in  the  open 
ends  of  the  pipe  and  a  small  riser  pipe  carried  up  to  the  proper 
elevation,  and  water  kept  just  spilling  over  the  top  of  this  small  pipe 
or  of  a  small  tank.  Hydrostatic  pressure  should  be  maintained  by 
a  small  reservoir,  with  controlled  overflow,  and  not  by  direct  pump- 
ing into  the  steel  pipe  during  the  placing  and  hardening  of  the  con- 
crete jacket.  Fluctuations  of  the  head  or  pulsations  due  to  pump- 
ing have  caused  cracks.  While  still  full  of  water  under  normal 
working  pressure,  the  steel  pipe  is  jacketed  with  concrete,  and 
this  pressure  is  continued  until  the  concrete  has  attained  consider- 
able strength,  or  for  not  less  than  about  two  days  after  the  placing 
of  the  last  concrete,  depending   upon  weather,  kind  of  cement, 
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and  other  conditions.  The  pipe  is  then  slowly  emptied  and  prep- 
arations made  for  Hning.  Methods  for  placing  the  concrete 
jacket  have  not  differed  essentially  from  those  usual  for  concrete 
conduit  construction.  On  one  siphon  the  jacket  was  placed  by 
three  methods  in  different  parts:  (a)  Monolithic  (as  specified); 
(b)  invert  first,  then  remainder;  (c)  invert  and  side  walls  to  hori- 
zontal diameter,  then  arch.  Best  contact  between  jacket  and  pipe 
was  obtained  when  the  concrete  was  placed  monolithicly.  Dump- 
ing concrete  on  to  the  pipe  so  as  to  cause  shock  should  be  avoided; 
a  2-ft.  drop  is  too  great. 

The  average  rate  of  placing  the  concrete  jacket  at  Hunters 
Brook  siphon  was  about  130  ft.  a  week,  the  maximum  week's 
work  being  223  ft.;  at  Turkey  Mountain  siphon,  the  average  was 
about  170  ft.,  the  maximum  week's  work  being  297  ft. ;  at  Fort  Hill 
siphon,  average  rate  about  190  ft.,  maximum  week's  work  260  ft. 
At  Hunters  Brook  and  Fort  Hill  siphons  the  concrete  covering  was 
usually  placed  in  two  operations,  the  invert  being  placed  first. 
At  Turkey  Mountain  siphon  the  concrete  covering  for  the  greater 
portion  of  the  siphon  was  placed  in  one  operation.  Last  season 
at  Foundry  Brook,  the  best  progress  in  placing  the  jacket,  using 
concrete  mixed  by  machine,  transported  and  deposited  by  cable- 
way,  was  probably  30  ft.  of  full  section  per  eight-hour  shift,  or 
about  50  yd.  of  concrete.  At  Indian  Brook  the  best  day's  work  was 
about  the  same  under  similar  conditions.  There  are  many  factors 
which  influenced  this  progress,  such  as  method  of  mixing  (at 
Foundry  Brook  last  year  a  large  part  of  the  mixing  was  done  by 
hand) ,  method  of  transportation  —  cableway ,  wheelbarrows,  or 
cars  —  and  style  of  outside  forms,  —  whether  steel  or  wood  and 
conveniences  for  moving  and  setting  them.  On  the  siphons  just 
mentioned  there  were  two  operations  in  placing  the  jacket  last 
year,  the  first  including  the  concrete  under  the  pipe  and  la  the 
joint  holes  and  thence  up  to  thie  horizontal  diameter,  using  when 
necessary  steel  or  wood  outside  forms.  Earth  covering  was  placed 
immediately  after  the  completion  of  the  concrete  jacket,  so  there 
has  been  little  chance  to  observe  the  tendency  to  crack.  So  far 
as  observed,  there  have  been  very  few  cracks  in  the  jackets  of 
any  of  the  siphons  built  to  this  date. 

For  lining  the  pipes,  two  distinctly  different  methods  were  at 
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FoitT  IIiT,T,  Siphon. 

lM;u:iii<i'  concrete  in  jacket,  with  cablevvay,  showing  one  type  of  forms. 
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the  beginning  adopted  b}'  the  two  contractors;  on  Contract  62 
grouting  with  forms  has  been  employed,  and  on  Contract  68 
mortar  was  applied  in  the  first  siphon  (Hunters  Brook)  by  means 
of  the  ''  cement  gun."  Practical  difficulties  militated  against  the 
use  of  a  complete  cylindrical  form,  such  as  getting  around  curves, 
vertical  or  horizontal;  collapsing  one  section  of  forms  sufficiently  to 
pass  forward  through  another  which  must  remain  in  place  while 
the  grout  is  hardening;  cleaning,  lubricating,  and  inspecting  out- 
side of  form.  Consequently,  the  invert  for  a  width  of  about  8  ft. 
of  arc  has  hitherto  ])een  ]:>la(*ed  first  by  methods  similar  to  those  of 
concrete  sidewalk  construction.  These  wide  inverts  have  generally 
separated  from  the  pipe  along  their  edges,  for  one  reason  or  another, 
so  that  a  piece  of  steel  tape  could  at  places  be  pushed  into  the  crack 
for  several  inches.  To  obviate  this  trouble  trials  are  now  being 
made  under  Contract  68  of  inverts  1  ft.  to  2  ft.  wide. 

Under  Contract  62,  and  recently  also  under  Contract  68, 
wooden  forms  in  panels  2  ft.  wide  and  15  ft.  long  (7.5  ft.  at  curves) 
adjusted  on  centers,  or  wooden  ribs,  and  firmly  braced,  are  used 
for  pouring  the  remainder  of  the  lining  in  15-ft.  sections  at  one 
operation.  The  grout  is  poured  from  outside  the  pipe  through  a 
2|-in.  wrought-iron  pipe  secured  into  a  rivet-passing  hole-  In 
the  Southern  Department  this  pouring  pipe  is  at  the  downhill  end 
of  the  section  and  is  long  enough  to  give  a  head  of  aliout  4  ft. 
on  top  of  the  uphill  end.  A  vent  pipe  is  fastened  in  tlu^  uphill 
rivet-passing  hole  of  th(»  section,  the  bulkhead  forming  the  end  of 
the  lining  being  placed  just  below  it.  For  pouring  grout  the  con- 
tractor for  the  northern  si]:)h()ns  has  always  used  two  mortar  boxes 
set  on  a  temporary  staging  over  the  upper  end  of  the  section  to  be 
grouted.  The  mortar  is  mixed  to  the  proper  consistence  in  alter- 
nate boxes  and  is  allowcul  to  flow  into  the  pipe  through  a  hok^ 
controlled  by  a  sliding  woochni  gate.  All  mixing  is  done  by  hand, 
and  materials  ar(^  carefully-  graded.  It  general!}'  takes  about  two 
hours  to  fill  a  section,  after  which  a  man  is  kept  on  for  another  hour 
or  two  in  order  to  feed  in  sufficient  grout  to  get  the  desired  con- 
sistence. There  is  a  noticeable  tendency  to  get  a  porous  or  thin 
condition  at  the  u])p('r  end  of  the  section,  near  the  grouting  hole. 
To  avoid  this,  the  riser  is  removed  two  or  three  times  during  the 
l)ouring  and  the  thin  material  which  collects  at  the  toj)  is  allowed 
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to  escape.  The  riser  is  then  put  back  and  grout  added  until  de- 
sired results  are  obtained.  In  some  cases  it  takes  nearly  two  hours 
after  the  main  operation  to  gqt  grout  of  proper  consistence  at  the 
foot  of  the  riser.  At  the  finish  of  the  pouring  a  small  pipe  is  inserted 
through  the  large  pipe,  to  permit  the  escape  of  the  last  air  while 
grout  is  poured  through  the  larger  pipe  and  churned  into  the  small 
remaining  space,  to  insure  complete  filling.  For  the  first  batches, 
or  nearly  up  to  the  horizontal  diameter  of  the  pipe,  the  grout  is 
mixed  1  part  cement  to  1  part  sand,  and  the  remainder  about  1  to  2. 
Lining  at  Foundry  Brook  siphon  is  now  being  placed  at  an  average 
rate  of  about  400  ft.  per  week,  with  approximately  twelve  sets  of 
15-ft.  forms.  The  contractor's  gangs  are  very  efficient  at  the 
present  time  both  in  handling  forms  and  depositing  grout.  About 
two  moves  per  week  can  be  made  with  each  set  of  forms,  and 
the  rate  of  lining  depends  on  the  number  of  forms  and  men 
available. 

Engineering  Record,  July  1,  1911,  contains  a  description  of  the 
''cement  gun"  which  is  readily  available,  and  so  a  description 
of  the  machine  will  not  be  given  here.  It  is  shown  in  one  of  the 
illustrations.  With  this  machine  the  process  of  lining  is  to  place 
invert  as  in  the  grout  method  and  then  build  up  the  arch  for  the 
remainder  of  the  circumference  in  layers  placed  in  rapid  succession. 
Each  layer  has  a  rough  surface,  to  which  the  next  adheres  well; 
the  first  layer  on  the  steel  is  very  thin,  and  others  follow  practically 
continuously  at  such  short  intervals  that  the  lining  is  substantially 
monolithic.  It  is  impossible  to  secure  a  satisfactorily  smooth 
finish  with  the  "  cement  gun,"  and  so  the  final  layer  is  floated  and 
troweled  before  it  hardens. 

Without  further  information  it  is  difficult  to  state  the  area  of 
mortar  lining  placed  in  any  interval  of  time  with  one  cement  gun. 
During  the  weeks  ending  July  26,  August  2,  and  August  9,  the 
lengths  of  pipe  lined  were,  respectively,  204  ft.,  254  ft.,  and  221  ft. 
For  a  portion  of  this  time  two  guns  were  working,  and  at  times 
two  shifts  per  day.  By  both  the  grouting  and  the  gun  methods  very 
smooth  interior  surfaces  are  being  secured. 

In  using  the  cement  gun,  charges  of  dry  sand  and  cement  mixed 
in  prescribed  proportions  are  placed  in  the  chamber  of  the  machine 
and  then  rapidly  discharged  by  air  under  50  to  60  lb.  pressure 
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through  a  rubl)er  hose;  throusli  '<i  ])arallel  liosc,  joining  the.  first 
in  a  special  nozzle,  water  under  ])re!>sure  is  discharged  so  that  the 
sprays  of  water  and  of  santl  antl  cement  are  combined.  The 
nozzle  pressure  is  about  30  lb.  and  so  the  material  is  thrown  with, 
considerable  force  against  the  surface  to  which  it  is  being  applied. 
This  aids  in  securing  the  excellent  union  between  the  layers. 
The  operative  holds  the  nozzle  about  2  or  3  ft.  from  the  surface 
l)eing  coated,  moving  it  })ack  and  forth  continuously.  The  flow 
from  the  nozzle  is  controlled  by  means  of  lever  valves. 

One  result  of  the  high  ]:)ressure  at  the  nozzle  is  that  a  measurable 
])roportion  of  the  sand  l)oimds  off  the  surface  upon  which  the 
mixture  impinges  and  falls  into  the  bottom  of  the  pipe,  especially 
when  beginning  the  first  la}'cr  on  the  bare  steel.  This  dry  material^ 
1  part  cement  to  3f  ])arts  sand,  by  analysis,  is  clean  and  is  collected 
for  use  in  making  invert.  In  view  of  this  action,  an  excess  of 
sand  is  put  into  the  dry  mixture,  in  order  that  the  lining  may  be  no 
richer  than  intended.  Another  incidental  result  is  that  the  atmos- 
phere inside  the  pipe  is  commonly  very  dusty,  and  hi  order  to 
])ro\'ide  reasonaljle  working  conditions  for  the  men,  artificial 
ventilation  is  resorted  to.  A  third  result  is  that  the  mortar  is  less 
W(>1I  su])])lied  with  Avater  than  in  the  grout,  and  more  attention 
must  be  given  to  keej^ing  the  lining  moist  in  order  to  minimize 
shrinkage  cracks.  Failure  fully  to  appreciate  th(».  necessity  for 
this  moistening  in  the  initial  usi;  of  the  gun  was  probably  contribu- 
tory to  the  formation  of  rather  numerous  fine  cracks.  Inevitable 
temperature  changes  due;  to  the;  s(^tting  of  the  cement  cnihance  the 
tendency  to  crack.  In  spite  of  this  untoward  circlnnstance,  a 
satisfactory  lining  has  ])een  secured.  After  completing  one  siphon, 
the  use  of  the  cement  gun  was  discontinued  by  the  ('ontractor,. 
the  reason  given  being  excessive  cost.  As  an  aid  to  pre\'enting 
cracks  antl  a  safeguard  against  the  remote  possibility  of  small 
pieces  of  the  lining  becoming  loose  and  falling,  ])rovision  was  made 
in  both  contracts  for  inserting  win;  fabric  in  the.  mortar,  but  uj) 
to  date  none  has  been  used. 

Absolute  adhesion  of  concrete  or  mortar  to  the  stet^l  is  not  being 
secured  at  all  ]:)oints,  as  has  l)e(!n  provtni  by  careful  sountling  Avith 
a  hammer,  but  on  cutting  into  hollow-sounding  spots  the  space  be- 
tween the  mortar  or  concrete  and  the  ste(>l  has  usuallv  been  found 
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almost  infinitesimal  in  width.  What  effect  will  such  faikire  to 
adhere  have  upon  the  protective  action  of  the  lining?  No  better 
repl}'  can  be  made  at  present  than  a  brief  statement  of  some 
experiments  at  the  board's  laboratory. 

One  test  was  arranged  as  follows:  Six  steel  plates  8  in.  by  16  in., 
of  12  gage,  cleaned  by  pickling  and  then  by  rubbing  with  emery 
cloth,  were  placed  horizontally  in  a  galvanized  iron  tank  18  in. 
in  diameter  and  24  in.  deep,  sej^arated  from  the  bottom  by  two 
Ij-in.  bars  of  alberene  stone,  and  from  each  other  In^  |-in.  wood 
dowels.  The  first  pair  of  plates  was  put  in  without  any  protective 
covering.  The  second  pair  had  their  upper  surfaces  protected  by 
a  slab  of  cement  mortar  2|  in.  thick,  not  in  contact  with  the  steel, 
but  separated  from  it  bj^  two  metal  strips  about  .04  in.  thick. 
The  third  pair  of  plates  was  i^rotected  by  cement  mortar  slabs 
2  in.  thick,  cast  directly  on  the  steel,  and  apparently  adhering  to  it 
firmly.  The  tank  was  then  filled  with  Croton  water  to  a  depth  of  4 
in.  above  the  top  of  the  uppermost  mortar  slab,  and  kept  filled  the 
entire  duration  of  the  test,  the  water  being  renewed  twice  monthly. 

After  two  years'  immersion,  the  plates  were  taken  out  and 
cleaned  off  by  washing  with  a  sponge.  The  first  pair  of  plates 
showed  heavy  corrosion.  In  numerous  places  the  entire  layer  of 
oxide  had  separated  from  the  steel  and  formed  blisters,  leaving  the 
bright  steel  surface  underneath.  The  second  pair  of  plates  showed 
a  very  slight  corrosion.  Most  of  this  washed  off,  thus  indicating 
a  considerable  protective  influence  of  the  mortar  slabs  even  when 
separated  from  the  metal  by  a  space  of  .04  in.  When  the  mortar 
slabs  were  removed  from  the  third  pair  of  plates,  it  was  found  that 
a  part  of  the  surface  of  the  steel  had  a  distinctly  different  appear- 
ance from  the  other  part.  One  part  was  clean  and  w^et;  the  other 
part  was  covered  by  strongly  adhering  particles  of  mortar  and  was 
dry,  thus  indicating  that  there  had  been  actual  adhesion  of  the 
mortar  only  over  the  latter  part  of  the  surface  and  that  the  former 
had  been  separated  by  a  space  large  enough  for  the  water  to  enter. 
There  had,  however,  been  no  rusting  except  at  some  places  near 
the  edges  of  the  wet  part  of  the  surface,  where  apparently  the  space 
liad  been  big  enough  to  allow  circulation  of  the  water.  The  w^ater 
in  the  rest  of  the  space  had  evidently  been  so  highly  charged  with 
lime  that  no  corrosion  could  take  place. 
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Another  test  was  arranged  as  follows:  Four  circular  sla])s  . 
151  in-  diameter  and  3  in.  thick  were  made  of  concrete,  in  pro- 
portions 1  cement:  2.7  Jerome  Park  screenings:  6.3  Jerome  Park 
stone  (gneiss)  by  weight,  the  consistence  of  the  mix  being  rather 
dry.  Carefully  iml^edded  in  the  center  of  the  slabs  were  four 
^-in.  round,  soft-steel  rods  spaced  3  in.  apart,  so  that  there  was 
at  least  1|  in.  of  concrete  in  all  cUrections  from  the  rods.  When 
the  concrete  had  set,  two  of  these  slabs  were  immersed  in  water 
in  two  tanks  1  ft.  6  in.  in  diameter  and  2  ft.  deep.  The  other  two 
slabs  had  two  galvanize d-iron  cylinders  15i  in.  in  diameter  ce- 
mented to  them,  and  a  head  of  20  in.  of  water  maintained  on  them. 
The  water  in  the  tanks  and  cylinders  was  kept  at  a  constant  depth 
and  head  by  the  addition  of  water  whenever  it  was  necessary. 
The  slabs  subjected  to  percolation  leaked  rapidly  at  first,  but  be- 
came gradually  tighter,  and  during,  the  last  few  months  of  the  tests 
there  was  very  little  leakage.  The  tests  were  conducted  in  open 
air,  and  were  subject  to  the  variations  in  outdoor  temperature. 
The  tests  commenced  July  13,  1907.  On  March  23,  1909,  one 
year  and  eight  months  later,  the  slabs  were  broken  and  rods 
examined  for  corrosion.  It  was  found  that  the  protection  of  the 
rods  by  the  concrete  was  perfect  in  all  cases,  there  being  no  sign 
of  corrosion  on  either  the  l)lack  finish  of  the  metal  left  by  the  rolls 
or  on  the  bright  ends  of  the  rods  exposed  in  cutting  to  length  with 
the  hacksaw.  The  concrete  when  broken  was  found  to  be  thor- 
oughly saturated,  showing  that  the  water  had  full  access  to  the 

rods. 

The  cost  to  the  city  of  the  pipes  and  their  protection  is  indicated 
by  the  contract  prices  for  the  important  items  given  in  Table  2. 
It  is  too  early  to  compute  accurately  the  cost  to  the  contractors. 
So  large  a  proportion  of  the  jacketing  and  lining  remains  to  be 
done  that  there  is  room  for  improvement  in  methods  or  gain  in 
facility  of  operation  with  present  methods,  both  of  which  may  affect 
contractor's  costs.  Parts  of  the  narrative  of  this  type  of  construc- 
tion cannot  be  written  for  a  few  years. 
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TABLE  2. 
Contract  Prices  for  Steel  Pipes,  Concrete  Jacket,  and  Mortar  Lining 

Contract  62. 


Description.  Contract  Price. 

9  ft.  6  in.  steel  pipe,  re-iii.  plate,  lap  jointed .  .  .  $31.00  lin.  ft. 

9  ft.  6  in.  steel  pipe,  ^-in.  plate,  lap  jointed ....  35.00    ,, 
9  ft.  6  in.  steel  pipe,  ^-in.  plate,  longitudinal 

seams  butt-jointed 40.00    ., 

9  ft.  6  in.  steel  pipe,  i^-in.  ])late,  longitudinal 

seams  butt-jointed 43.00    ,, 

9  ft.  6  in.  steel  pipe,  j^-in.  ])lato,  longitudinal 

seams. butt-jointed 47.00    ,, 

9  ft.  6  in.  steel  pipe,  |-in.  plate,  longitudinal 

seams  butt-jointed .50.00    ,, 

Mortar  lining  for  steel  pipes 2.50    ,, 

Reinforcement  of  mortar  lining  for  steel  pipes,  .02  sq.  ft. 

Concrete  masonry  around  steel  pipes 6.00  cu.  yd 

Portland  cement L75  bbl. 

Contract  6S. 

9  ft.  9  in.  steel  pipe,  i^-in.  plate,  lap  jointed  .  .  .  $29.00  lin.  ft 

11  ft.  3  in.  steel  pipe,  i^-in.  plate,  lap  jointed .  .  33.00    ,,      , 

11  ft.  3  in.  steel  pipe,  5-iri.  plate,  lap  jointed  .  .  .  38.00    ,,      , 
11  ft.  3  in.  steel  pipe,  i-in.  plate,  longitudinal 

■  seams  butt-jointed 40.00    ,,      ,, 

11  ft.  3  in.  steel  pipe,  i^-in.  i)late,  longitudintd 

seams  butt-jointed 50.00    ,,      , 

Mortar  lining  for  9  ft.  9  in.  steel  pipe 3.00    ,,      , 

Mortar  lining  for  11  ft.  3  in.  steel  pipe 3.50    ,, 

Reinforcement  of  mortar  lining  for  steel  pipe .  .  .02  sq.  ft 

Concrete  ma.sonry  around  steel  pipe 5.25  cu.  \ci 

Portland  cement 1.60  bbl. 


Average  of  All 

Bids. 

(.5  bidders.) 

$35.50  lin.  ft. 
41.20    „     „ 

44.S0    „    .„ 

48.80    „      „ 

55.80    „      „ 

.50.60    „      „ 

4.90    „      „ 

.03  sq.  ft. 

5.85  cu.  yd. 

1.74  bbl 

(8  bidders.) 

$33.25  lin.  ft. 
37.372  >)  )) 
42.75    „      „ 

48.75     „      „ 

53.62|  „  „ 
3.564  ))  )) 
-l.04i  „  „ 
.02J  sq.  ft. 
5.78  cu.  yd. 
1.721  bbl. 


To  sum  up,  the  intended  constructional  results  are  beinft" 
substantially  attained.  Consc^quently,  with  information  so  far 
collected,  it  is  reasonable  to  anticipate  a  close  approximation 
of  the  desired  measure  of  protection  for  the  steel  pipes.  One 
of  the  greatest  obstacles  to  ideal  results,  from  the  point  of  view  of 
protection  of  the  steel,  is  the  difficulty  of  getting  the  pipes  jacketed 
with  concrete  and  covered  with  earth  soon  after  delivery.  The 
steel  mill  and  fabricating  shop  naturally  ])ush  their  operations  to 
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completion  iimch  more  rai)i(ll3'  than  the  pipe  can  l)e  hiid,  tested, 
and  covered. 

It  is  hoped  that  these  pipes  will  last  a  hundred  j^ears;  they  may 
last  much  longer,  barring  accidents.  Some  abuse  or  una])preciated 
condition  may  lead  to  earlier  partial  failure,  necessitating  recon- 
struction. The  gain  in  smoothness  of  interior  In'  covering  the 
rivet  heads  and  the  plate  la])s  has  been  computetl  to  so  increase 
the  hydraulic  capacity  that  three  pipes  equal  four  without  lining. 
The  total  cost  for  the  si])hons  with  three  lined  and  jacketed  pipes 
is  estimated  as  about  the  same  as  for  four  pipes  constructed  and 
coated  in  the  more  usual  way.  Obvious  incidental  ach^antages  are 
secured  b}"  the  more  permanent  construction. 

Engineering  operations  of  the  Catskill  water  works  are  l)eing 
directed  by  J.  Waldo  Smith,  chief  engineer,  and  Merritt  H.  Smith, 
deputy  chief  engineer;  Robert  Ridg-way  and  Frank  E.  Winsor  are 
department  engineers  respectively  of  the  Northern  and  the  Southern 
Aqueduct  departments.  In  immediate  charge  of  the  construction 
of  the  siphons  are  Division  Engineers  John  P.  Hogan,  Alexander 
Thomson,  Jr.,  and  George  P.  Wood  (Northern) ;  George  G. 
Honness,  Ernest  W.  Glarke,  and  Charles  E.  Wells  (Southern) .  The 
drawings  and  specifications  were  prepared  and  many  of  the  prelimi- 
nary investigations  conducted  by  Senior  Designing  Engineer 
Thomas  H.  Wiggin,  and  Engineer  Inspector  Ernst  F.  Jonson  ha^ 
had  charge  of  inspection  at  the  rolling  mills  and  pipe  shops,  all 
under  the  innnediate  supervision  of  the  writer.  The  chief  engineer 
and  his  personal  assistant,  Department  Engineer  Thaddeus  Merri- 
man,  made  many  examinations  of  existing  steel  pipes  which  fur- 
nished the  reasons  for  seeking  a  better  protection  than  the  usual 
coatings. 

DISCUSSION. 

Mr.  John  H.  Cook.  We  have  some  pipes  in  the  plant  at  Little 
Falls,  which  were  coated  with  cement  at  the  time  the  plant  was 
built,  and  we  have  examined  them  at  different  times  since  and 
concluded  it  was  pretty  good  protection,  the  best  we  have  seen. 
I  know  of  some  steel  pipes  which  were  coated  with  cement  wash 
which  are  now  perhaps  twenty  years  old,  and  they  seem  to  have 
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stood  up  pretty  well,  although  there  is  now  no  trace  of  the  cement 
wash  left  on  the  pipe. 

Mr.  Wm.  R.  Conard.  It  is  usual  to  use  the  Rosendale  or  natural 
cement  for  lining  pipes,  instead  of  the  Portland.  I  suppose  the 
use  of  Portland  cement  in  the  Catskill  Aqueduct  work  would  be 
more  especially  because  of  its  quicker  setting  quality. 

The  President.  It  is  to  be  hoped  that  the  steel  manufacturers 
sometime  will  find  a  way  of  making  steel  so  that  it  will  corrode 
much  less  rapidly,  whether  it  is  protected  or  not.  I  wonder  if 
Mr.  Speller  can  tell  us  something  about  the  possibilities  in  that 
direction? 

Mr.  F.  N.  Speller.  That  is  something  we  are  all  working  for, 
but  I  do  not  know  whether  we  can  hope  to  make  a  steel  as  non- 
corrodible  as  you  desire.  There  has  certainly  been  an  improve- 
ment in  this  respect  in  our  time,  but  at  present  we  all  have  to 
depend  more  or  less  upon  protective  coatings.  If  the  pipe  could 
always  be  taken  care  of  in  the  way  which  has  been  described  in 
Mr.  Flinn's  paper,  I  do  not  think  the  pipe  manufacturers  would  be 
so  busy,  for,  after  the  pipe  is  all  gone,  you  apparently  still  have  a 
very  good  conduit. 

Talking  about  pipe  materials,  I  noted  what  the  speaker  said 
about  the  possibility  that  wrought  iron  might  have  given  better 
service,  and  I  was  gratified  to  hear  him  cautiously  qualify  his 
remarks  in  the  way  he  did.  I  can  say  from  our  experience  that 
for  welded  pipe  wrought  iron  would  certainly  not  have  given  better 
satisfaction.  It  is  too  late  in  the  evening  to  take  time  to  give  my 
reasons  for  this  statement,  but  if  I  had  an  hour  or  so  I  could  give 
you  some  very  tangible  and  satisfactory  evidence  on  this  point. 
At  all  events,  while  fully  realizing  the  importance  of  the  greatest 
durability,  we  have  discontinued  the  use  of  wrought  iron  without 
any  hesitation  as  to  the  steel  now  being  made  for  pipe  being  fully 
equal  and  probably  superior  to  wrought  iron  in  this  respect. 

Mr.  J.  Waldo  Smith.  I  think  that  Mr.  Flinn  has  given  a 
pretty  full  description  of  what  has  been  done.  I  might  add  that 
what  led  up  to  the  devising  of  this  coating  was  the  entirely  un- 
satisfactory protection  furnished  by  the  coatings  which  had  been 
used  since  steel  pipe  had  been  laid  in  the  East.  About  twenty- 
one  years  ago,  I  think,  the  first  pipe  was  laid  for  the  city  of  Newark, 
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and  careful  examinations  luive  been  made  of  the  interiors  of  those 
pipes  fromj'car  to  year  since  that  time,  as  well  as  in  other  riveted 
pipes  laid  at  later  dates  to  MJiich  all  varieties  of  asphalt  coatings 
have  been  applied.  They  all  showed  serious  deterioration  in  a 
short  time,  usuall}-  starting  with  a  small  blistering  which  gradually 
enlarged  until  great  patches  of  the  coating  were  separated  from  the 
pipe.  While  it  is  true  that  this  coating  would  protect  the  pipe  mucli 
better  than  painting,  still  thvvo  were  a  great  many  tubcn-cles  and  a 
great  deal  of  pitting,  and  in  places  where  the  coating  had  come  off 
in  large  patches  this  pitting  was  pretty  general  in  a  few  years. 
Knowing  this  condition,  and  confirming  it  still  further  by  recent 
examinations  of  pipes,  the  study  which  Mr.  Flinn  has  so  well 
described  Avas  undertaken,  with  the  result  which  he  has  shown. 
In  a  wa}'  it  is,  perhaps,  going  back  to  lift}'  3'ears  ago,  to  the  time 
of  the  cement  pipe,  the  only  difference,  perhaps,  being  that  the 
present  pipe  is  riveted  and  calked  absolutely  tight,  whereas  in  the 
old  cement  pipe  the  tightness  tlepended  more  particularly  on  the 
lining  and  on  the  outer  cement  coating  than  on  tlie  pipe.  The 
pipe  was  merely  shaped  and  riveted  with  cold  rivets. 

The  President.  Perhaps  the  author  can  tell  us  something 
about  the  acid  treatment  to  remove  the  mill  scale,  —  how  effective 
it  was  and  about  how  much  per  pound  it  cost. 

]\Ir.  Flinn.  Mr.  President,  as  to  the  first  joart  of  }our  inquiry, 
I  can  answer  from  ol)serving  the  process  two  or  three  different 
times.  All  the  pipes  I  saAv,  both  for  the  Board  of  Water  Supply 
and  for  another  public  job,  pickled  in  the  same  way,  by  the  same 
contractor,  the  East  Jersey  Pipe  Company,  had  the  mill  scale  and 
the  other  foreign  substances  removed  from  the  surfaces  of  the  plate 
completely.  I  think  it  would  have  been  practically  impossible  to 
have  found  on  the  plates  I  saw  any  flake  of  mill  scale  or  any  other 
foreign  substance  as  big  as  a  dime.  Those  that  were  seen  were 
easily  swabbed  off  when  the  pipe  was  being  transferred  from  the 
pickling  tank  to  th(>  washing  tank;  so  that  the  cleansing  of  the 
plates,  I  should  say,  was  thoroughly  successful.  As  to  the  cost  per 
pound,  I  haven't  the  information  on  which  to  base  that.  It 
might  be  somewhat  difficult  to  get  it. 

Mr.  Speller.  I  would  like  to  comment  on  the  matter  of  re- 
moving the  scale.     It  seems  to  me  a  particularly  fortunate  thing 
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that  so  much  attention  was  paid  to  this  matter,  as  the  mill  scale 
is  so  largely  responsible  for  pitting  of  iron  and  steel.  Among  our 
experiments  we  have  made  a  number  exposing  the  same  plate,  or 
parts  of  the  same  plate,  with  and  without  the  scale,  and  found  that 
it  makes  a  very  marked  difference  as  to  the  character  of  the  corro- 
sion whether  the  plate  carries  mill  scale  or  does  not.  I  have  made 
some  experiments  with  a  plate  which  had  all  the  scale  removed, 
and  a  similar  piece  of  steel  with  only  that  removed  which  would 
accidentally  be  knocked  off  in  the  course  of  handling  the  sample; 
that  is,  perhaps  one  tenth  of  the  scale  was  removed.  The  corrosion 
was  measured  by  the  loss  in  weight.  In  the  case  where  there  was 
considerable  scale  on  the  surface,  there  was  deep  pitting;  and  in 
the  other  case  where  the  surface  was  clean,  the  corrosion  was  so 
uniformly  distributed  that  very  little  damage  was  done,  although 
the  average  loss  in  weight  per  unit  of  area  was  about  the  same  in 
both  cases.  I  think  this  is  a  point  that  engineers  might  well  bear 
in  mind  in  considering  the  protection  of  iron  and  steel  pipes,  viz.^ 
the  benefit  derived  from  removing  the  scale  before  applying  any 
protective  coating. 

The  President.  I  think  Mr.  Speller's  remarks  upon  this  point 
are  very  important.  In  some  estimates  made  in  our  office,  some 
time  ago,  we  allowed  a  quarter  of  a  cent  a  pound  for  treating  pipe 
in  this  way,  but  from  subsequent  developments  I  am  well  satisfied 
that  the  actual  cost  is  much  less  than  it  is  figured. 

Mr.  Flinn.  I  might  add  one  word  for  the  benefit  of  those  who 
have  not  had  any  experience  with  pickling  of  steel  plates,  and  that 
is  that  a  weak  solution,  a  comparatively  inexpensive  solution,  is 
much  more  effective  in  securing  a  proper  cleaning  than  a  strong 
solution;  and  a  little  heat,  a  temperature  of  120°  to  125°  fahr., 
greatly  accelerates  the  action  of  the  acid.  I  should  like  to  know 
whether  Mr.  Speller  has  had  similar  experience. 

Mr.  Speller.  We  use  a  5  per  cent,  solution  of  sulphuric  acid 
at  about  180°  fahr.  We  think  those  are  the  most  effective 
conditions. 
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A  BRIEF  DESCRIPTION  OF  THE  GLOUCESTER  WATER 

WORKS. 

BY   JOHN    "SV.    MORAN,    SUPERINTENDENT. 

[Read  September  13,  1911.] 

The  Avater  supply  of  this  city  consists  of  three  artificial  storage 
reservoirs,  Dikes  Brook,  Wallace  Brook,  and  Haskell  Brook; 
deriving  their  supply  from  well-wooded  antl  uninhabited  water- 
sheds, they  are  free  from  pollution  and  furnish  a  very  good  quality 
of  water. 

The  area  of  Dikes  Brook  Reservoir  is  58  acres;  the  elevation 
of  the  surface,  102  ft.;  the  watershed  area,  exclusive  of  reservoir 
area,  is  376  acres;  maximum  depth,  24  ft.  6  in.;  average  depth, 
13  ft. ;  and  the  storage  capacity  is  275  000  000.  gal. 

Wallace  Brook  Reservoir  is  24  acres  in  area;  the  elevation  of  the 
surface,  63  ft.;  the  watershed  area,  164  acres;  maximum  depth, 
20  ft.  6  in.;  average  depth,  8  ft.;  and  the  storage  capacity  is 
63  000  000  gal. 

Haskell  Brook  Reservoir  is  62  acres  in  area;  the  elevation  of  the 
surface,  113  ft.;  watershed  area,  350  acres;  maximum  depth, 
39  ft.;  average  depth,  23  ft.;  and  the  storage  capacity  is  475  000- 
000  gal.,  of  which  285  000  000  only  is  available  for  use. 

The  total  watershed  area  of  the  three  reservoirs  is  1  034  acres; 
the  total  available  storage  capacity  is  623  000  000  gal.,  and  the 
consumption  at  the  present  time  is  about  500  000  000  gal.  a  year. 

The  estimated  daily  yield  of  the  three  reservoirs  in  a  .year  of 
average  rainfall  is  1  500  000  gal.,  and  the  average  use  in  1910 
amounted  to  1  343  639  gal.  per  day. 

The  water  is  conveyed  from  Dikes  Brook  Reservoir  to  the  pump- 
ing station  by  about  a  mile  of  14-  and  16-in.  pi])e;  from  A\'allace 
Brook  Reservoir  to  the  pumping  station  l)y  400  ft.  of  14-in.  ])ipe, 
and  from  Haskell  Brook  Reservoir  to  the  ])umping  station  by 
about  2|  miles  of  20-in.  pipe.  On  the  line  of  pipe  between  Haskell 
Brook  Reservoir  and  the  i)umping  station  there  is  a  high  elevation 
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in  the  road  for  a  distance  of  600  ft.,  which  is  85  ft.  below  high-water 
mark  in  the  reservoir,  and  it  was  necessary  to  lay  the  pipe  12  ft. 
below  the  surface  of  the  road  in  order  to  utilize  the  upper  17  ft. 
or  285  000  000  gal.  of  storage. 

The  pumping  station  is  situated  on  Magnolia  Avenue,  near  the 
junction  of  Essex  Avenue,  which  is  on  the  street-car  line  of  the 
Essex  and  Beverly  Street  Railway.  The  pumping  plant  consists 
of  one  Knowles  duplex  compound  condensing  engine  having  16-in. 
and  30-in.  steam  cylinders,  16-in.  water  plungers,  a  24-in.  stroke, 
and  a  capacity  of  3  000  000  gal.  in  twenty-four  hours;  one  Barr 
Ijumping  engine,  vertical,  cross-compound,  fly-wheel  type  with 
steam  cylinders  22-in.  and  42-in.  in  diameter,  differential  water 
plungers  13|  in.  and  19  in.  in  diameter  with  a  stroke  of  30  in.  and 
a  normal  capacity,  at  a  piston  speed  of  200  ft.  per  minute,  of 
4  000  000  gal.  in  twenty-four  hours;  two  horizontal  tubular 
boilers  each  72  in.  in  diameter,  130  3-in.  tubes  16  ft.  long,  working 
pressure  100  lb.;  one  air  pump  for  charging  air  chambers;  and  one 
electrical  generating  set  for  lighting  purposes. 

The  water  is  delivered  from  the  reservoirs  direct  to  the  pumps 
at  a  pressure  ranging  from  12  lb.  to  30  lb.  per  sq.  in.  on  the  suction 
pipe  when  the  pumps  are  running,  and  is  pumped  to  a  distributing 
reservoir  on  Bond's  Hill  at  an  elevation  of  184  ft.  and  of  about 
3  000  000  gal.  capacity.  Two  force  mains  lead  to  the  reservoir, 
one  being  a  16-in.  cement  lined  and  the  other  a  20-in.  cast-iron 
pipe.  The  two  supply  mains  leading  from  the  reservoir  to  the 
city  are  an  18-in.  cement  lined  and  a  20-in. '  cast-iron  pipe,  both 
being  laid  along  Western  Avenue  through  a  pipeway,  which  also 
accommodates  a  12-in.  gas  main  of  the  Gloucester  Gas  Light 
Company,  under  the  canal  at  the  Cut,  so  called. 

The  office  and  stable  is  on  Procter  Street,  a  short  distance  from 
City  Hall.  The  stable  equipment  consists  of  two  horses  and  three 
automobiles,  one  a  Maxwell  22-h.p.  gasoline  runabout,  one  1  500-lb. 
White  gasoline  truck,  and  one  Cadillac  one-cylinder  runabout. 
The  blacksmith  shop,  storehouse,  and  pipe  yard,  with  a  spur 
track  from  the  Boston  &  Maine  Railroad,  are  on  Arthur  Street. 

The  first  works  were  built  by  George  H.  Norman  in  1884. 
In  1895  an  act  was  passed  by  the  legislature  authorizing  the  city 
of  Gloucester  to  supply  itself  and  its  inhabitants  with  water  for 
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fire,  domestic,  and  otlier  purposes  and  to  take  by  purchase  or  other- 
wise the  water  from  any  source  within  the  hmits  of  the  city  not 
already  taken  or  purchased  by  the  Cdoucester  Water  Supplj'  Com- 
pany; also  to  take  water  from  the  Chebacco  Lakes  in  the  towns  of 
Essex,  Wenham,  and  Hamilton,  with  the  right  to  suppl}^  the  town  of 
Essex,  if  the}'  so  desired,  with  water  for  fire,  domestic,  and  other 
purposes.  The  act  further  provided  that  if  the  Gloucester  Water 
Supply  Company  shall  notify  the  mayor  of  the  city  that  it  desires 
to  sell  its  property,  and  if  within  one  year  from  the  act  the  city 
shall  by  a  majoritj^  vote  to  purchase  the  water  works,  it  shall 
thereupon  become  the  property  of  the  city;  and  in  case  the  city 
and  company  shall  be  unable  to  agree  upon  the  value  of  the  prop- 
erty, the  Supreme  Judicial  Court  shall  appoint  three  conmiissioners 
who  shall  determine  the  fair  value  of  the  property;  such  value  to 
be  estimated  without  enhancement  on  account  of  future  earning 
capacity,  or  future  good-will,  or  on  account  of  the  franchise  of  the 
company. 

The  city  took  possession  of  the  plant  on  October  1,  1895,  the 
property  of  the  company  at  that  time  consisting  of  Dikes  Reservoir, 
Wallace  Reservoir,  pumping  station,  one  pump,  two  boilers, 
Bond's  Hill  Reservoir,  house  and  land  on  Wallace  Court,  office 
building  and  i  table  on  Procter  Street,  23f  miles  of  cement-lined 
pipe  from  4  in.  to  18  in.,  and  5|  miles  of  pipe  of  less  diameter  than 
4  in.,  making  a  total  of  29  miles  of  main  pipe;  181  hydrants, 
192  gates,  2  120  services,  6  fountains,  14  standpipes  for  filling 
watering  carts,  and  46  meters. 

Three  commissioners  were  appointed  to  determine  the  j)rice 
to  be  paid  by  the  city,  and  the  hearings  opened  December  20,  1897. 
The  value  of  the  plant  as  testified  to  by  the  experts  employed  by 
the  city  was  $300  000,  while  those  emplo^^ed  by  the  water  com- 
pany placed  the  value  at  $1  300  000.  The  price  settled  upon 
by  the  commissioners  to  be  paid  by  the  city  for  the  jilant  was 
$576  035.  The  interest  amounted  to  $203  965,  and  the  legal  and 
other  expenses  were  over  $100  000  more,  making  the  cost  of  the 
original  plant  to  the  city  about  $900  000. 

The  city  since  1895  has  added  a  new  engine  room  and  jjuinping 
engine,  new  boiler  room  and  l^oilers.  Haskell  Brook  Reservoir, 
pipeway  under  the  canal,  and  jjurciiascd  land  enough  on  Bond's 
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Hill  for  a  new  distributing  reservoir;  extended  mains  to  Riverdale, 
Annisquam,  Bay  View,  Lanesville,  Eastern  Point,  Bass  Rocks, 
and  other  places;  relaid  6|  miles  of  cement-lined  pipe  with  cast- 
iron  pipe,  and  extended  29  miles  of  cast-iron  pipe. 

The  main  pipe  in  use  November  30,  1910,  was  29  miles  of  cast- 
iron  pipe  from  4  in.  to  20  in.,  17f  miles  of  cement-lined  pipe  from 
4  in.  to  18  in.,  22f  miles  of  pipe  less  than  4  in.  in  diameter,  14 
miles  of  which  is  for  summer  use  and  is  laid  near  the  surface  of 
the  ground  and  is  shut  off  and  drained  before  freezing  weather. 
The  total  main  pipe  is  68.43  miles.  There  are  now  326  hydrants, 
public  and  private;  546  valves,  4  530  services,  343  meters,  49 
standpipes  for  filling  watering  carts,  and  11  fountains. 

The  cost  of.  the  works  November  30,  1910,  was  $1  463  936.29, 
the  bonded  debt  was  $1  078  000,  with  interest  at  3|  per  cent,  and 
4  per  cent.      The  annual  cost  of  maintenance  is  about  $23  000. 

In  past  years  the  reservoirs  have  during  the  winter  and  early 
spring  filled  up  full  to  the  flow  line,  or  nearly  so;  but  this  year, 
when  pumping  was  started  from  the  Haskell  Reservoir,  this  pond 
was  7  ft.  below  the  flow  line,  and  Dikes  Reservoir  was  also  7  ft.  low 
at  the  same  time,  while  the  Wallace  Reservoir,  from  which  we 
had  been  pumping  all  winter,  was  15  ft.  below  the  flow  line  and 
practically  empty,  only  5  ft.  of  water  remaining  in  it. 

The  water  commissioners,  considering  the  seriousness  of  the 
situation,  established  a  regulation  prohibiting  the  use  of  lawn 
sprinklers  and  allowing  the  use  of  hose  by  hand  only.  By  strictly 
enforcing  this  regulation,  and  by  the  highway  department  discon- 
tinuing about  three  fourths  of  the  water  usually  used  for  street 
sprinkling  by  substituting  oil,  25  000  000  gal.  less  were  pumped 
in  July  and  August  of  this  year  than  in  the  corresponding  months 
of  last  year.  At  the  present  time.  Dikes  Brook  Reservoir  is  4  ft. 
low,  Haskell  Reservoir  is  14|  ft.  low,  and  Wallace  Reservoir  is 
nearly  full. 

DISCUSSION. 

The  President.  I  have  been  verj'  much  interested  in  hearing 
about  the  Gloucester  Water  Works.  I  remember  that  when  I  was 
here  professionally,  fifteen  or  sixteen  years  ago,  there  was  a 
somewhat  different  story  told  about  the  quality  of  the  water 


DISCUSSION.  385 

from  what  we  have  heard  this  mornmg,  and  that  one  particular 
complaint  was  that  the  water  contained  short  lobsters.  I  would 
like  to  ask  Mr.  Moran  whether  he  still  finds  them. 

Mr.  Moran.     A  few  in  cold  weather. 

The  President.  Are  you  still  troubled  with  tastes  and  odors, 
or  do  you  use  copper  sulphate  to  hold  the  organisms  down? 

Mr.  Moran.  The  only  trouble  we  have  now  is  from  Wallace 
Brook  Reservoir,  which  is  a  shallow  ])asin,  and  we  do  not  use 
the  water  from  that  pond  in  the  summer.  We  have  no  trouble 
with  the  other  ponds. 

Mr.  George  Bowers.  When  you  shut  off  the  summer  supply 
to  the  cottages,  how  do  you  get  rid  of  the  water  in  the  pipes? 
Can  you  draw  it  all  off  so  that  they  are  empty,  or  do  they  freeze 
up  in  the  winter? 

]\Ir.  Moran.  The  pipes  for  summer  use  are  laid  near  the  sur- 
face, and  just  before  cold  weather  they  are  drained  and  then 
they  are  ready  for  the  spring.  The  reason  we  use  so  much 
of  that  kind  of  pipe  is  that  it  would  be  very  expensive  to  reach 
the  summer  residences  with  a  deep  pipe.  The  board  is  relaying 
some  of  these  pipes  every  year,  and  in  course  of  time  we  hope  to 
replace  them  all  by  deep  pipe. 

The  President.  How  much  do  you  charge  for  the  summer 
residences,  in  proportion  to  the  an>ount  charged  for  houses  which 
are  supplied  the  year  round? 

Mr.  Moran.  The  summer  people  pay  the  annual  rate.  There 
is  no  discount. 

A  ^Member.     What  is  the  size  of  the  surface  pipe? 

Mr.  Moran.     Two  inches. 

Mr.  William  F.  Sullivan.  What  is  the  ordinary  rate  for  a 
summer   house? 

■  Mr.  Moran.  I  could  not  say  what  the  average  is,  because 
some  of  the  houses  have  a  numl)er  of  bathrooms,  four  or  five. 
The  charge  for  an  ordinary  house  with  one  bathroom  and  hose  is 
$23.    There  is  an  extra  charge  of  $8  for  each  additional  hal  hroom. 
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PURIFICATION  OF  SALT  WATER. 

BY    ROBERT     SPURR     WESTON,     SANITARY    EXPERT,    BOSTON,    MASS. 
[Read  September  13,  1911.] 

The  city  of  Gloucester,  Mass.,  is  well  known  as  one  of  the  great 
fish  markets  of  the  world.  Here  come  the  trawlers  from  the  Grand 
Banks,  the  hand-liners  from  the  Georges,  and  the  mackerel  seiners 
from  the  waters  nearer  shore.  Here  are  discharged  cargoes  of  fish, 
some  of  which  is  marketed  in  a  fresh  state,  but  most  of  which  is 
cured,  salted,  pickled,  smoked,  or  canned,  and  finds  a  market  over  a 
wide  territory. 

By  far  the  most  important  part  of  the  industry  is  the  prepara- 
tion of  the  cod  and  other  salt  fish  for  the  market.  The  other  fish 
which  are  handled  like  the  cod,  in  chessing  and  curing  commercially, 
are  the  haddock,  cusk,  hake,  and  pollack.  It  is  not  the  writer's 
purpose  to  describe  this  work,  but  Bulletin  No.  133  of  the  Bureau 
of  Chemistry,  United  States  Department  of  Agriculture,  will  prove 
most  interesting  to  those  who  desire  to  study  the  matter.  The 
author  of  this  pamphlet,  Mr.  A.  W.  Bitting,  inspector  in  the  Bureau 
of  Chemistry,  describes  in  great  detail  the  study  of  the  industry 
which  he  made  in  1910.  The  most  important  feature  of  this 
investigation  was  a  bacteriological  study  of  the  causes  of  the  so- 
called  "  reddening  "  of  salt  codfish.  The  author  states  that  cod- 
fish and  some  other  salt-cured  fish  are  subject  to  spoilage  when 
exposed  to  a  temperature  above  65°  F.  This  spoilage  is  manifested 
by  the  surface  of  the  fish  turning  red  and  emitting  a  foul  odor. 

The  reddening  of  the  codfish  is  an  old  difficulty  in  the  industry, 
but  formerly  was  not  of  the  commercial  importance  that  it  is  at 
the  present  time,  for  then  the  business  was  limited  to  the  cooler 
months  of  the  year,  and  such  spoilage  as  did  occur  in  summer  was 
taken  as  a  necessary  loss.  The  improved  methods  of  packing  have 
made  the  product  more  attractive  to  the  general  consumer,  and 
have  created  a  demand  for  the  product  throughout  the  year,  and, 
at  the*,\same  time,  have  made  it  more  perishable  and  of  higher  cost. 


WESTON.  387 

The  loss  which  occurred  was,  therefore,  more  keenly  felt,  and  that 
which  was  once  thought  to  be  a  necessity  is  now  consitlered  pre- 
ventable. 

Mr.  Bitting  found  that  the  so-called  reddening  was  due  to  the 
growth  of  organisms  on  the  fish,  especially  a  mold-lik(^  fungus 
(Oidium  morrhuoe),  and  one  of  the  causes  for  the  growth  of  these 
organisms  at  Glouceste-r  was  the  impure  salt  water  used  for  washing 
the  fish.     Mr.  Bitting  writes  as  follows: 

"  It  is  generally  agreed  among  the  fish  packers  that  sea  water 
is  much  to  V)e  preferred  for  washing  the  fish  and  making  the  pickle. 
Well  water  or  fresh  water  is  said  to  cause  some  changes  which  are 
objectionable.  At  the  beginning  of  this  study  it  was  understood 
that  the  sea  water  used  was  obtained  at  some  distance  from  the 
plants  and  that  it  was  pure.  In  the  course  of  the  examination 
of  the  fish,  organisms  were  found  which  were  recognized  as  being 
ordinarily  associated  with  polluted  water,  and  this  led  to  an 
investigation  as  to  the  cause  of  their  presence.  The  water  used 
by  the  packers  is  from  the  Gloucester  Harbor,  and  is  taken  only 
a  few  feet  from  the  end  of  the  docks.  This  harbor  is  long  and 
narrow,  surrounded  on  three  sides  by  the  city,  and  the  surface 
water  from  the  streets  drains  into  it.  Many  private  sewers  and 
a  few  fairly  large  ones  discharge  into  this  basin,  besides  numerous 
closets  upon  the  docks  and  those  connected  with  the  cottages 
that  overhang  the  water.  All  the  brine  from  the  butts,  the  water 
washing  from  the  fish,  and  more  or  less  gurry  are  added  to  this 
volume  of  impurities.  The  result  is  a  very  high  bacterial  content 
and  the  presence  of  forms  that  would  condemn  the  water  for  any 
domestic  use.  Tests  were  made  of  the  water  at  all  the  packing 
plants  and  at  various  places  in  the  harbor  beyond  the  l^rcakwater 
and  in  the  open  sea.  There  was  a  marked  variation  in  the  number 
of  organisms  present  in  the  different  places  and  at  different  stages 
of  tide.  In  no  case  could  the  water  be  said  to  be  pure  within  the 
inner  harbor.  The  long,  narrow  shape  of  the  harbor  and  the 
position  of  the  breakwater  prcx'lude  the  movements  of  the  tide 
from  changing  the  water  each  day.  A  short  distance  beyond  the 
breakwater,  however,  and  at  all  points  along  the  eastern  coast, 
pure  water  was  obtained,  and  this  should  be  used." 

Furthermore,  the  Bureau  of  Chemistry  reported  that  B.  coli 
had  ])een  found  on  some  of  the  salt  fish  marketed. 

As  a  result  of  those  reports,  it  was  obvious  to  niany  of  the  fish 
packers   that   sometiiing   must   be    done   to   improve   the   water 
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supply,  and  one  of  the  writer's  clients  installed  a  mechanical 
filter,  using  sulphate  of  alumina  as  a  coagulant.  Partly  because 
of  the  poor  design  of  the  filter  itself,  and  chiefly  because  of  the 
inadequate  provisions  for  coagulation,  the  effluent  was  not  at  all 
satisfactory;  large  numbers  of  bacteria  were  present  and  B.  coli 
were  abundant  therein. 

Accordingly,  it  was  decided  to  replace  this  mechanical  filter 
with  a  slow  sand  filter  of  the  usual  type.  This  example  has  been 
followed  by  others.  The  first  of  these  filters,  with  a  capacity  of 
5  000  gallons  per  hour,  was  built  for  Cunningham  &  Thompson,  of 
Gloucester.  It  consists  of  a  wooden  tank  containing  three  feet  of 
sand  supported  upon  a  one-foot,  graded  gravel  layer.  The 
effluent  from  the  filter  discharges  through  a  floating  orifice-regu- 
lator into  the  clear-water  basin,  whence  it  is  pumped  to  the 
plant  by  means  of  a  motor-ch'iven  pump  controlled  automatically 
by  a  float-switch;  another  pump,  also  controlled  by  a  float- 
operated  automatic  switch,  supplies  water  to  the  filter. 

When  the  filter  was  designed,  the  writer  could  find  no  precedent 
to  guide  him.  On  general  principles  he  believed  that  bacteria 
could  be  removed  from  salt  water  more  readily  than  from  fresh 
water  because  of  the  well-known  tendency  of  salt  water  to  coagu- 
late certain  kinds  of  colloidal  matter  discharged  into  it.  A  search 
of  the  literature  was  fruitless,  and,  aside  from  a  few  aquariums 
where  salt  water  was  filtered  for  use  in  observation  tanks,  no 
examples  of  salt-water  filters  could  be  found  on  record.  It  is  for 
the  recording  of  the  results  of  the  operation  of  this  filter  that  thip 
paper  is  written. 

The  raw  sea  water  taken  from  the  outer  harbor,  at  the  Cunning- 
ham &  Thompson  works,  is  much  purer  than  the  water  of  the 
inner  harbor.  It  is,  however,  polluted  with  sewage  discharged  at 
the  southwesterly  side  of  the  city,  at  a  point  less  than  1  000  ft., 
distant  from  the  intake.  A  partial  analysis  of  the  water  was  made 
on  November  14,  1910,  and  the  results,  showing  a  slight  degree  of 
poUution,  are  as  follows: 

Constituent.  Parts  per  Million. 

Nitrogen  as  free  ammonia 0.108 

„        ,,   albuminoid  ammonia 0.112 

„   nitrites 0.007 
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Bacteria  at  20°  C Liquefied  plate. 

„         ,,  37°  C 95  per  c.c. 

B.  coli Present. 

The  filter  was  ])ut  in  operation  in  Maj^  and  since  then  bacterio- 
logical examinations  of  the  influent  and  effluent  have  been  made 
with  the  followina;  results: 


Total  Bacteria  per  c.c. 

Date  of 
Examination. 

Growth  at  20°  cent. 

Growth  at  37°  cent. 

B.  Coli 

per  c.c. 

Uiifiltered. 

Filtered. 

Unfiltered. 

Filtered. 

Unfiltered. 

Filtered. 

1911 

May  17 

1250 

350 

340 

75 

8 

0.03 

,,      24 

875 

290 

192 

65 

6 

0.0 

June    6 

560 

65 

75 

18 

4 

0.0 

„      20 

665 

130 

340 

62 

5 

0.0 

„     29 

320 

49  . 

130 

19 

7 

0.0 

July  19 

560 

75 

290 

45 

4 

0.0 

Aug.    7 

160 

42 

134 

28 

2 

0.0 

Sept.  13 

195 

35 

130 

20 

7 

0.0 

The  above  results  show  the  remarkable  removal  of  coli  by  the 
filter,  even  during  the  first  month  of  operation,  and,  furthermore,  a 
reasonable  bacterial  efficiency.  Since  June  20  the  results,  at  no 
time  bad,  have  been  very  good.  It  is  believed,  however,  at  present 
writing  that,  while  the  removal  of  B.  coli  is  excellent  and  satis- 
factory, the  aging  of  the  filter  is  as  necessary  for  the  removal  of 
other  bacteria  as  is  the  case  when  fresh  water  is  filtered. 

A  second  filter  is  now  under  construction  for  the  Gorton-Pew 
Fisheries  Compan}'.  The  water  to  be  filtered  is  from  t\w  inner 
harbor  near  the  landing  place  of  the  Boston  and  Gloucester 
steamers,  and  is  much  more  highly  polluted  than  that  from  the 
outer  harl)or.  For  this  reason  provision  has  been  made  to  aerate 
the  water  before  filtration  and  to  filter  at  a  lower  rate  than  in  the 
previous  case. 

Two  filters,  each  21  ft.  square,  a  clear-water  basin  32  ft.  long  by 
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10  ft.  wide  by  10  ft.' deep,  and  a  puinp  house  10  ft.  square,  as  well 
as  all  the  accessory  parts,  are  included  in  a  reinforced  concrete 
structure,  about  47  ft.  by  36  ft.  in  area.  Nearly  the  whole  of  the 
structure  is  above  ground  and  rests  upon  a  ledge.  The  regulating 
chambers  are  built  within  the  clear-water  basin.  These,  as  well 
as  the  filters,  are  covered  with  a  wooden  house,  while  the  clear- 
water  basin  and  pump  house  are  covered  with  a  concrete-slab 
roof.  The  filters  are  of  the  usual  type  and  contain  4  ft.  of  sand 
supported  upon  1  ft.  of  graded  gravel,  underdrained  with  split 
tiles. 

Water  from  the  harbor  will  be  pumped  through  the  aerators 
into  the  filters.  Filtered  water  will  flow  into  the  regulating  chamber 
inside,  from  which  it  will  be  pumped  through  a  floating  regulator 
consisting  of  a  float  and  submerged  orifice,  which,  in  turn,  will 
discharge  into  the  clear-water  basin,  whence  the  water  will 
flow  either  by  gravity  to  the  wharves  below  or  by  pumping  to  an 
elevated  tower  tank. 

It  is  estimated  that  this  filter  has  a-  capacity  of  100  000  gal.  in 
twenty-four  hours  at  a  rate  of  5  000  000  gal.  per  acre  per  diem,  or 
about  80  000  gal.  at  a  4  000  000-gal.  rate. 

DISCUSSION. 

The  President.  This  is  a  very  interesting  paper,  gentlemen. 
It  shows  the  application  of  an  old  process  to  an  entirely  new  field. 

Mr.  Frank  L.  Fuller.  I  would  like  to  ask  Mr.  Weston  if  the 
organisms  in  this  polluted  salt  water  are  similar  to  those  in  pol- 
luted fresh  water. 

Mr.  Weston.  The  organism  to  which  objection  is  made  is  the 
ordinary  sewerage  bacteria,  the  B.  coli.  That  is  the  only  one 
which  has  been  criticised,  but  I  imagine  that  the  other  sewerage 
bacteria  must  be  present. 

Mr.  W.  H.  Richards.  I  would  like  to  inquire  if  the  filter  takes 
out  any  appreciable  quantity  of  the  salt.  I  remember,  that,  in 
the  instructions  for  first  aid  to  the  wounded,  salt  water  is  referred 
to  as  an  antiseptic,  and  I  wondered  whether  the  salt  water  would 
not  have  to  be  more  heavily  loaded  with  sewage  than  fresh  water 
in  order  to  have  the  same  number  of  germs  in  it. 
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Mr.  Weston.  I  don't  quite  grasp  Mr.  Richards's  question, 
but  I  can  say  that,  so  far  as  I  know,  salt  water  has  a  tendency  to 
precipitate  organic  matter.  Mr.  Clark  made  a  series  of  studies  in 
connection  with  the  proposed  Charles  River  Basin  in  Boston, 
some  years  ago,  and  those  studies  showed  conclusively  that  sewage 
would  be  precipitated  by  salt  water.  Of  course  there  would  be  a 
tendency 'to  throw  down  the  bacteria  in  the  sewage  with  the  pre- 
cipitate. As  to  whether  salt  water  itself  is  a  disinfectant  to  any 
great  extent,  that  is  a  matter  which  we  don't  know  very  much 
about. 

For  the  first  half  hour  or  so  the  filter  reduced  the  salt,  but  after 
that  and  at  the  present  time  there  is  no  reduction  in  the  salt 
content. 

The  President.  I  remember  that  Prof.  William  Ripley  Nichols 
made  experiments  in  the  filtration  of  salt  water  many  years  ago 
with  reference  to  that  point,  and  his  finding  was  that  no  salt  what- 
ever was  removed  by  the  process. 

Mr.  Elbert  E.  Lochridge.  It  is  very  interesting  to  me  to 
see  the  way  in  which  this  system  of  filtration  has  been  applied  to 
salt  water,  and  for  a  purpose  which  is  of  as  much  value  from  the 
point  of  view  of  health,  in  all  probability,  as  the  filtration  of  some 
other  kinds  of  water.  It  is  simply  along  the  line  of  keepijig  water 
used  in  the  preparation  of  food  supplies  as  pure  as  the  water  that 
we  use  for  drinking. 
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Nantasket  Beach,  Mass.,  June  14,  1911. 

The  June  meeting  of  the  New  England  Water  Works  Association 
was  held  at  Paragon  Park,  Nantasket  Beach,  Mass.,  to-day. 
Vice-President  Collins  in  the  chair. 

The  following  meml^ers  and  guests  were  present : 

Members. 

S.  A.  Agnew,  G.  A.  P.  Bucknam,  James  Burnie,  T.  J.  Carmody,  M.  F. 
Collins,  Albert  S.  Glover,  R.  K.  Hale,  F.  E.  Hall,  Willard  Kent,  G.  A.  King, 
C.  F.  Knowlton,  A.  R.  McCallum,  A.  E.  Martin,  W.  E.  Maybury,  John  Mayo, 
F.  L.  Northrop,  C.  E.  Peirce,  G.  H.  Snell,  G.  T.  Staples,  W.  M.  Stone,  D.  N. 
Tower,  L.  J.  Wilber,  F.  B.  Wilkins.  —  23. 

Associates. 

Anderson  Coupling  Company,  by  Charles  E.  Pratt;  Builders  Iron  Foundry, 
by  A,  B.  Coulters;  Chadwick-Boston  Lead  Company,  by  A.  H.  Brodrick; 
Allyne  Brass  Foundry  Company,  by  B.  T.  Beardsley;  Darling  Pump  and 
Manufactiiring  Company  (Ltd.),  by  H.  H.  Davis;  The  Fairbanks  Company, 
by  A.  W.  Farwell;  W.  H.  GaUison  Company,  by  P.  J.  Lynch;  Hersey  Manu- 
facturing Company,  by  Albert  S.  Glover;  Lead  Lined  Iron  Pipe  Company, 
by  T.  E.  Dwyer;  H.  Mueller  Manufacturing  Company,  by  G.  A.  Caldwell; 
National  Meter  Company,  by  J.  G.  Lufkin;  Neptune  Meter  Company,  by 
H.  H.  Kinsey;  Norwood  Engineering  Company,  by  C.  E.  Childs;  Rensselaer 
Valve  Company,  by  F.  S.  Bates  and  C.  L.  Brown;  A.  P.  Smith  Manufacturing 
Company,  by  F.  N.  Whitcomb;  Thomson  Meter  Company,  by  E.  M.  Shedd; 
Water  Works  Equipment  Company,  by  H.  M.  Heim;  Henry  R.  Worthington, 
by  Samuel  Harrison  and  E.  F.  Nye.  —  20. 

Guests. 

Miss  Inez  Stryker,  Everett,  Wash.;  Mrs.  C.  F.  Knowlton,  Melrose,  Mass.; 
Fred  E.  Sharp,  Whitman,  Mass.;  Mrs.  T.  J.  Carmody,  Miss  Katherine 
Sullivan,  Holyoke,  Mass.;  Mrs.  John  J.  Sullivan,  Bangor,  Me.;  Charles  E. 
Johnson,  North  Andover,  Mass.;  Mrs.  C.  E.  Peirce,  East  Providence,  R.  I.; 
Mrs.  Fred  S.  Bates,  Troy,  N.  Y.;  Mrs.  L.  J.  Wilber,  Campello,  Mass.;  Mrs. 
Willard  Kent,  Narragansett  Pier,  R.  I.;  Mrs.  W.  E.  Maybury,  Mr.  and  Mrs. 
R.  D.  Wetherbee,  Braintree,  Mass.;  F.  W.  Matthers,  Boston,  Mass.;  George 
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McKay,  Jr.,  Philadelphia,  Pa.;  F.  B.  Wilkins,  Woonsocket,  R.  I.;  Mrs.  H. 
H.  Kinsey  and  Mrs.  E.  M.  Shedd,  Boston,  Mass.;  Mrs.  B.  T.  Bcardsley 
and  Miss  H.  M.  Beardsley,  Detroit,  Mich.;  John  Kelly,  water  commissioner, 
Braintree,  Mass.;  and  I.  S.  Holbrook,  of  the  Engineering  Record,  New  York, 
N.  Y.  —  23. 

The  Secretary  presented  applications  for  membership  from  the 
following,  properly  endorsed  by  the  Executive  Committee: 

T.  J.  McCarthy,  city  engineer,  Holyoke,  Mass.;  Henry  R.  Buck, 
consulting  engineer,  Hartford,  Conn. ;  Arthur  W.  Jepson,  manager 
Bristol  Water  Company,  Bristol,  Conn.;  Charles  T.  Treadway, 
president  Bristol  Water  Company,  Bristol,  Conn.;  Charles  E. 
Johnson,  superintendent  Board  of  Public  Works,  North  Andover, 
Mass. ;  Frank  L.  Anders,  city  engineer,  Fargo,  No.  Dak. ;  Raymond 
W.  Parlin,  resident  engineer,  Washington  County  Water  Company, 
Hagerstown,  Md. 

The  Secretary  was  directed  to  cast  the  ballot  of  the  Association 
in  favor  of  the  applicants,  and  he  having  done  so  they  were  declared 
elected. 


The  Thirtieth  Annual  Convention. 

Gloucester,  Mass., 
September  13,  14,  15,  1911. 

The  Thirtieth  Annual  Convention  of  the  New  England  Water 
Works  Association  was  held  at  Gloucester,  Mass.,  September  13, 
14,  and  15,  1911. 

The  headquarters  of  the  Association  were  at  the  Hawthorne 
Inn,  East  Gloucester.  The  sessions  of  the  convention  were  held 
in  the  Casino  adjoining  the  Inn,  where  also  were  provided  ac- 
commodations for  the  exhibits  of  associates. 

The  following  members  and  guests  were  present: 

HONOK.\RY    MeMBKR.S. 

Frederic  P.  Stearns.  —  1. 

Me.mueus. 

S.  A.  Agnew,  M.  \.  Baker,  C.  H.  Baldwin,  L.  M.  Bancroft,  F.  A.  Barbour, 
F.  D.  Berry,  C.  R.  Bettes,  F.  E.  Bisbee,  A.  E.  Blackmer,  J.  W.  Blackmer, 
E.  C.  Brooks,  George  Bowers,  James  Burnie,  C.  E.  Chandler,  T.  J.  Carmody, 


394  PROCEEDINGS. 

W.  F.  Codd,  M.  F.  Collins,  W.  R.  Conard,  J.  H.  Cook,  H.  R.  Cooper,  E.  R. 
Dyer,  E.  D.  Eldredge,  J.  L.  Dower,  G.  H.  Finneran,  A.  D.  Flinn,  F.  L.  Fuller, 
T.  C.  Gleason,  A.  S.  Glover,  W.  B.  Goentner,  J.  M.  Goodell,  J.  W.  Graham, 
F.  E.  Hall,  D.  A.  Hartwell,  W.  C.  Hawley,  Allen  Hazen,  D.  A.  Heffernan,  W.  R 
Hill,  George  Holtzmann,  F.  T.  Kemble,  Willard  Kent,  G.  A.  King,  J.  J.  Kirk- 
patrick,  C.  F.  Knowlton,  B.  C.  Little,  E.  E.  Lochridge,  F.  H.  Luce,  T.  J.  Lynch, 
T.  J.  AlacCarthy,  Daniel  MacDonald,  T.  H.  McKenzie,  A.  E.  Martin,  W.  E. 
Maybury,  F.  E.  Merrill,  G.  F.  Merrill,  J.  W.  Moran,  F.  L.  Northrop,  A.  E. 
Pickup,  A.  A.  Reimer,  W.  H.  Richards,  Robert  Ridgway,  G.  A.  Sanborn, 
P.  R.  Sanders,  A.  L.  Sawyer,  J.  E.  Sheldon,  J.  Waldo  Smith,  G.  H.  Snell, 
F.  N.  Speller,  G.  A.  Stacy,  G.  T.  Staples,  W.  F.  Sullivan,  H.  L.  Thomas, 
R.  J.  Thomas,  S.  F.  Thomson,  J.  L.  Tighe,  D.  N.  Tower,  C.  H.  Tuttle,  J.  H. 
Walsh,  R.  S.  Weston,  G.  C.  Whipple,  J.  C.  Whitney,  L.  J.  Wilber,  G.  E.  Wins- 
low,  I.  S.  Wood,  and  L.  C.  Wright.  —  84. 

Associates. 

Anderson  Coupling  Company,  by  Chas.  E.  Pratt;  H.  L.  Bond  Company, 
by  F.  M.  Bates  and  G.  S.  Hedge;  Builders  Iron  Foundry,  by  D.  W.  Bartlett, 
A.  B.  Coulters,  and  F.  N.  Connet;  Chapman  Valve  Manufacturing  Company, 
by  H.  L.  DeWolfe;  Darling  Pump  and  Manufacturing  Company  (Ltd.), 
by  H.  H.  Davis;  The  Fairbanks  Company,  by  A.  W.  Farwell  and  W.  D. 
Cashin;  Gamon  Meter  Company,  by  C.  A.  Vaughan;  Glauber  Brass  Manu- 
facturing Company,  by  Sam.  Da^ds  and  S.  S.  Freeman;  Hart  Packing 
Company,  by  Horace  Hart;  Hays  Manufacturing  Company,  by  C.  E.  Mueller 
and  T.  J.  Nagle;  Hersey  Manufacturing  Company,  by  A.  S.  Glover  and  H.  D. 
Winton;  Lead  Lined  Iron  Pipe  Company,  by  T.  E.  Dwyer  and  E.  J.  Stark; 
Ludlow  Valve  Manufacturing  Company,  by  H.  F.  Gould  and  G.  A.  Miller; 
Charles  Millar  &  Son  Company,  by  C.  F.  Glavin;  H.  Mueller  Manufacturing 
Company,  by  O.  B.  Mueller,  G.  A.  Caldwell,  and  A.  C.  Pilcher;  National 
Meter  Company,  by  C.  H.  Baldwin,  J.  G.  Lufkin,  and  H.  L.  Weston;  National 
Water  Main  Cleaning  Company,  by  D.  H.  Buell;  Neptune  Meter  Company, 
by  F.  A.  Smith,  H.  H.  Kinsey,  R.  D.  Wertz,  and  T.  D.  Faulks;  Pittsburg 
Meter  Company,  by  T.  C.  Clifford,  V.  E.  Arnold,  and  F.  L.  Northrop;  Rens- 
selaer Valve  Company,  by  C.  L.  Brown;  Ross  Valve  Manufacturing  Company, 
by  Wilham  Ross;  A.  P.  Smith  Manufacturing  Company,  by  T.  F.  Halpin, 
F.  N.  Whitcomb,  and  D.  F.  O'Brien;  Standard  Cast  Iron  Pipe  and  Foundry 
Company,  by  W.  E.  Dodds;  Standard  Water  Meter  Company,  by  A.  S. 
Merrill;  Thomson  Meter  Company,  by  E.  M.  Shedd;  Union  Water  Meter 
Company,  by  F.  E.  Hall;  Waldo  Brothers,  by  H.  E.  Browne;  Water  Works 
Equipment  Company,  by  W.  H.  Van  Winkle  and  H.  N.  Hein;  R.  D.  Wood  & 
Co.,  by  C.  R.  Wood;  and  Henry  R.  Worthington,  by  Samuel  Harrison,  E.  F. 
Nye  and  George  Carr.  —  54. 

Guests. 

.  Mr.  F.  L.  Cole,  Andover,  Mass.;    Mrs.  A.  A.  Reimer,  East  Orange,  N.  J.; 
Mrs.  D.  N.  Tower,  Cohasset,  Mass.;  Mrs.  Thomas  J.  Carmody,  Miss  C.  Ryan, 
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Holyoke,  Mass.;  Mrs.  W.  J.  Wilber,  Brockton,  Mass.;  Master  Neddie 
Eldredge,  Onset,  Mass.;  Harold  H.  Sinclair,  Bangor,  Me.;  Mrs.  George 
Holtzmann,  Schenectady,   N.  Y.;    F.  W.  Dinwiddle,  Gardner,  Mass.;    Mrs. 

E.  E.  Lochridge,  Si)ringfield,  Mass.;  Thomas  P.  Taylor,  Boston,  Mass.;  Mrs. 
C.  R.  Bettes,  Far  Rockaway,  N.  Y.;  Mrs.  O.  B.  Mueller,  New  Rochelle, 
N.  Y.;  Miss  Joan  M.  Ham,  Boston,  Mass.;  Mrs.  F.  H.  Luce,  Woodhaven, 
N.  Y.;  Miss  Lillian  G.  Dillaway,  Mrs.  C.  F.  Knowlton,  Melrose,  Mass.; 
Mrs.  Willard  Kent,  Narragansett  Pier,  R.  I.;  Mr.  and  Mrs.  James  P.  Bacon, 
Cambridge,  Mass.;  E.  F.  Hughes,  Boston,  Mass.;  Mrs.  L.  M.  Bancroft, 
Reading,  Mass.;  Mrs.  R.  J.  Thomas,  Mrs.  George  Bowers,  James  G.  Hill, 
Lowell,  Mass.;  Mrs.  L  S.  Wood,  Providence,  R.  L;  Marshall  G.  Richey, 
Isaac  Poor,  F.  S.  Camlin,  and  F.  A.  Hall,  Haverhill,  Mass.;  C.  A.  Goodhue, 
Thompsonville,  Conn.;    Mrs.  Henry  D.  Winton,  Miss  Laura  J.  Dillaway,  Mrs. 

F.  L.  Fuller,  Clifford  D.  Winton,  Paul  J.  Dedrickson,  Wellesley  Hills,  Mass.; 
Mrs.  Robert  Ridgway,  Poughkeepsie,  N.  Y.;  Mrs.  William  F.  Codd,  Nan- 
tucket, Mass.;  Mr.  and  Mrs.  J.  J.  Desmond,  Lawrence,  Mass.;  Mrs.  George 
H.  Snell,  Attleboro,  Mass.;  A.  J.  Provost,  L  S.  Holbrook,  of  Engineering 
Record,  Henry  A.  Johnston,  of  Fire  and  Water  Engineering,  A.  R.  Murphy, 
New  York  City;  Mr.  and  Mrs.  J.  B.  Longley,  Lewiston,  Me.;  Mrs.  George 
E.  Winslow,  Waltham,  Mass.;   Mrs.  S.  E.  Thomson,  New  Paltz,  N.  Y.  —  50. 

Wednesday,  September  L3,  Morning  Session. 

The  convention  was  called  to  order  at  11  o'clock  by  Allen  Hazen, 
the  President,  and  Mayor  Isaac  Patch,  of  Gloucester,  was  immedi- 
ately presented.     He  spoke  as  follows : 

Gentlemen  of  the  New  England  Water  Works  Association,  —  On 
behalf  of  the  citizens  of  Gloucester  I  wish  to  extend  to  all  of  you 
a  YQvy  cordial  welcome  to  our  city.  This  is  the  first  time  that 
your  Association  has  met  in  Gloucester,  and  I  trust  that  you  will 
enjoy  yourselves  on  this  picturesque  point  of  Cape  Ann  as  much  as 
we  enjoy  having  you  with  us,  and  I  hope  you  will  decide  to  come 
again. 

I  congratulate  you  on  your  organization,  and  on  this,  your 
thirtieth  animal  convention.  You  meet  each  year  to  discuss  the 
various  problems  which  confront  you  from  time  to  time  on  the 
subject  of  water  works,  which  is  of  vital  interest  to  all  of  us. 
After  looking  over  the  program  which  has  been  presented  to  me, 
I  feel  sure  that  the  papers  which  are  to  be  read  will  be  very  bene- 
ficial and  instructive  to  all,  and  we  are  indebted  to  j^ou  for  coming 
here  this  year  and  giving  us  the  results  of  your  experiences. 

<  )ur   water   department   is   managed   by   three   commissioners 
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elected  by  the  municipal  council,  consisting  of  five  members,  in- 
cluding myself.  It  has  been  a  separate  organization  since  the  city 
acquired  the  plant  from  a  private  company  in  1895.  The  council 
appropriates  the  money  and  the  commissioners  spend  it.  We 
have  been  fortunate  in  having  as  manager  of  our  water  department 
a  very  able  and  thoroughly  equipped  man,  who  has  been  at  the 
helm  ever  since  our  city  took  charge,  and  he  has  performed  valu- 
able service  to  the  city  of  Gloucester. 

I  think  I  would  better  not  weary  you  by  telling  you  what  I 
know  about  water,  as  this  has  been  a  dry  year  in  Gloucester  in 
more  senses  than  one.  However,  there  is  one  thing  that  I  wish  to 
state,  and  that  is  that  wherever  you  go,  you  cannot  find  any  bet- 
ter water  than  that  which  the  people  of  Gloucester  drink  every  day. 

While  you  are  attending  this  convention,  I  want  you  to  be  sure 
to  have  a  good  time  during  your  stay  with  us,  and  I  trust  that  you 
will  become  better  acquainted  with  our  city  with  all  its  natural 
beauty. 

Gloucester  was  first  settled  in  1623,  and  the  colony  which  estab- 
lished itself  on  the  land  which  is  now  the  city  park  across  the  har- 
bor had  for  its  object  the  pursuit  of  the  fisheries,  which  have  been 
carried  on  here  ever  since,  with  the  possible  interruption  of  a  few 
years  in  the  early  part  of  the  seventeenth  century.  It  is  no  wonder, 
then,  that  the  name  of  Gloucester  is  known  everywhere. 

You  are  to  have  the  experience  of  a  fishing  trip  on  Friday,  which 
I  am  sure  you  will  enjoy,  although  it  will  not  be  similar  to  a  trip 
to  the  Grand  Banks.  If  you  have  the  time,  you  would  be  inter- 
ested in  looking  through  the  packing  houses  where  the  fish  is  pre- 
pared for  market.  You  would  then  be  able  to  witness  for  your- 
selves the  method  of  conducting  our  fishing  industry  on  shore,  and 
it  would  be  apparent  to  you  why  Gloucester  leads  all  in  its  ex- 
cellently prepared  fish  products. 

Gloucester's  attractive  location  and  picturesque  scenery  make 
it  the  great  and  popular  summer  resort  that  it  is,  and  people  come 
from  all  parts  of  this  country  to  spend  their  summers  with  us. 

I  do  not  wish  to  take  any  more  of  your  time  this  morning  except 
to  say  again  that  we  are  extremely  pleased  to  have  you  with  us,  and 
hope  that  you  will  thoroughly  enjoy  yourselves  and  will  come  again 
soon. 
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The  President.  In  behalf  of  the  Association  I  thank  you  most 
warmly,  Mr.  INIayor,  for  the  cordial  invitation  and  welcome  to  the 
city.  I  know  that  we  shall  want  to  visit  the  packing  houses,  and 
I,  for  one,  remembering  former  visits,  want  to  "box  the  Cape  " 
and  visit  those  great  granite  quarries  where  the  paving  stones  that 
we  see  used  all  over  the  United  States  are  cut  out  and  split.  We 
got  some  idea  of  the  picturesqueness  of  Gloucester  on  our  way 
through  the  narrow  crooked  streets  from  the  station,  features  of 
an  older  civilization  than  are  exhibited,  perhaps,  in  our  more 
recently  built  cities,  and  we  shall  renew  here  some  of  our  ideas  of 
early  history.  I  assure  you  that  the  memloers  of  the  Association 
are  very  glad  to  be  in  Gloucester. 

The  first  business  in  ord(T  was  the  election  of  members.  The 
Secretary  read  the  following  names  of  applicants,  all  of  whom  had 
been  approved  by  the  Executive  Gommittoe. 

Active:  William  A.  Carstensen,  Winthrop,  Mass.,  water  com- 
missioner; St(>phen  E.  Keefer,  Berkeley,  Gal.,  engaged  in  general 
and  consulting  i^ractice  covering  water  works,  sewage  disposal 
plants,  land  reclamation,  and  hydro-electric  power  development; 
J.  Albert  Robinson,  Ganton,  Mass.,  superintendent  fire  records. 
National  Fire  Protection  Association;  John  L.  Dower,  Hartford, 
Gonn.,  ])resident  board  of  water  commissioners;  W.  S.  Gramer, 
Lexington,  Kj'.,  chief  engineer  in  charge  of  the  water  system  of  the 
city  of  Lexington;  George  T.  Evans,  Manchester,  Mass.,  super- 
intendent;  J.  B.  Longley,  Leominster,  Mass.,  superintendent. 

On  motion  of  Mr.  Lewis  ^L  Bancroft,  the  Secretary  was  directed 
to  cast  the  loallot  of  the  Association  in  favor  of  the  candidates 
named,  and  he  having  done  so  they  were  declared  by  the  President 
to  be  duly  elected  members  of  the  Association. 

Frederic  P.  Stearns,  chairman  of  the  Gommittee  on  Yield  of 
Drainage  Areas,  submitted  the  following  report: 

Septembkr  9,  1911. 
Mr.  ^^'^>LAl{»  Kent,  Secrdary  iVcin  Englund  WaUr  Wnrka  Associdlion, 
71.5  TuE.MONT  Temple,  Boston,  Mass. 
Dc(ir  Sir,  —  The  Committee  on  Yield  of  Diaiii;ij!;e  Areas  lielil  a  fully  at- 
tended meeting  on  Mnreh  S,  1911,  when  it  discussed  at  leniilh  \\\o  scope  of  the 
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work  of  the  comniittee  and  discussed  in  much  detail  th(>  nature  of  the  iiiquiries 
which  should  be  made  in  order  to  obtain  the  desired  information. 

Mr.  H.  K.  Barrows  was  appointed  secretary,  and  he  has  prepared,  in  accord- 
ance with  suggestions  made  at  that  meeting,  circular  letters  and  blank  forms 
which  have  been  submitted  to  each  member  of  the  committee  and  which  will 
soon  be  sent  to  members  of  the  Society  and  others  having  valuable  information 
as  to  the  yield  of  streams.  The  remarkable  drought  of  1911,  as  it  afTects 
water  supplies  depending  upon  the  storage  of  water  from  comparatively  small 
drainage  areas,  leads  the  committee  to  conclude  that  no  inquiry  woidd  be 
complete  which  did  not  include  information  as  to  the  run-off  to  the  end  of  the 
present  drought,  and  for  this  reason  the  sending  out  of  the  circulars  and  blanks 
has  been  purposely  delayed. 

Very  truly  yours, 

Fredb:ric  p.  Stearns,  Chair  mm). 

On  motion  of  Mr.  RoV)ert  J.  Thomas  it  was  voted  that  the  Presi- 
dent appoint  a  Nominating  Committee  to  luring  in  a  list  of  officers 
for  the  year  1912.  The  President  subsequently  appointed  as 
members  of  the  committee,  Edwin  C.  Brooks,  John  C.  Whitney, 
WilHam  F.  Sullivan,  E.  E.  Lochridge,  and  W.  C.  Hawley. 

John  W.  Moran,  superintendent  of  the  Gloucester  Water  Works, 
read  a  paper  giving  a  brief  description  of  the  works. 

Afternoon  Session. 

Mr.  W.  H.  Richards,  engineer  and  superintendent  of  the  Water 
and  Sewer  Department,  New  London,  Conn.,  presented  a  paper 
entitled  "  Coming  Efficiency  in  Water -Works  Management." 
The  paper  was  discussed  by  Messrs.  A.  E.  Martin,  A.  L.  Sawyer, 
T.  J.  Carmody,  Arthur  E.  Reimer,  M.  N.  Baker,  W.  C.  Hawley, 
George  A.  King,  and  Frank  L.  Fuller. 

Mr.  Robert  Spurr  Weston,  sanitary  expert,  Boston,  Mass.,  read 
a  paper  entitled  ''  The  Filtration  of  Salt  Water,"  in  which  he 
described  the  process  of  purifying  water  used  in  the  curing  of  fish 
at  Gloucester.  The  paper  was  discussed  by  Mr.  Frank  L.  Fuller, 
Mr.  W.  H.  Richards,  and  Mr.  E.  E.  Lochridge. 

Evening  Session. 

The  President.  In  the  new  work  for  the  increased  water 
supply  for  New  York  City  it  is  necessary  to  do  a  great  deal  of 
construction  in  the  waterslieds  of  the  present  supi)ly  of  New  York, 
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Yonkers,  and  Pcc^kskill,  and  ])oi'liai)s  some  other  ])hu'es.  The 
measures  that  have  been  taken  to  prevent  the  pollution  of  these 
supplies  by  the  workmen  engaged  on  the  construction  of  the  new 
work  have  been  very  novel  and,  I  believe,  absolutely  unprece- 
dented. It  has  seemed  to  me  most  desirable  that  these  measures 
should  be  described  to  the  members  of  this  Association  and  to 
be  made  a  matter  of  record.  The  chief  engineer  of  the  work 
suggested  that  Mr.  Provost,  who  has  charge  of  most  of  this  work, 
should  give  the  descri])ti6n.  I  have  the  ])leasure  of  introducing  to 
you  Mr.  Provost. 

Mr.  A.  J.  Provost,  New  York  City,  then  read  his  pa])er  entitled 
"  Protection  of  New  York's  Water  Supply  from  Pollution  during 
Construction  Work."  He  Avas  followed  by  Mr.  Robert  Ridgway, 
department  engineer,  Board  of  Water  Supply,  New  York  City, 
with  a  paper  on  "  Hudson  River  Crossing  of  the  Catskill  Aque- 
duct."    Both  these  papers  were  illustrated  bj^  stereopticon  views. 

Thursday,  September  14.     Morning  Session. 

The  President.  The  first  matter  on  the  program  this  uK^rning 
is  the  reading  of  a  i)aper  by  Mr.  Hardolph  Wasteneys,  Rockefeller 
Institute  for  Medical  Research,  New  York  City.  Mr.  Wasteneys 
is  unfortunately  unable  to  be  here  this  morning,  being  in  the  South 
on  a  trip  which  could  not  be  postponed.  He  was  formerly  chemist 
of  the  Brisbane  Water  Works,  and  was  there  at  the  time  of  my 
visit.  The  results  which  had  been  obtained  in  treating  the  Avater 
were  unusual  and  interesting,  and  I  think  have  an  application  to  a 
good  many  reservoir  waters  in  this  country.  I  want  to  say  just 
a  few  words  about  the  character  of  this  water,  so  you  will  under- 
stand what  the  prol)lem  was. 

Brisbane  is  in  the  edge  of  the  tropics.  A  large  ])art  of  the  reser- 
voir is  not  very  deep,  and  vegetation  grows  with  great  luxuriance. 
Whenever  the  reservoir  is  drawn  down,  vegetation  grows  on  the 
sides  and  forms  a  mass  of  material  that  men  are  working  on  cut- 
ting out  constantly.  If  it  was  not  for  that,  the  reservoir  would 
almost  fill  up  with  this  vegetation.  A  water  of  that  type,  wiiich  is 
v<My  much  like  the  Ludlow  water  at  S])ringfield,  only  more  so,  and 
like  Ihc  ( roose  Creek  water  at  Charleston,  and  like  the  waters  on 
1lic  Istliiuus  of  Panama,  is  (lc\-oid  of  oxygen,  lu'cause  the  (lecoin])()- 
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sition  of  the  organic  matters  takes  it  up,  and  it  ordinarily  contains 
ferric  iron.  It  is  a  water  which  is  impossible  of  being  successfully 
treated  by  sand  filters  as  ordinarily  constructed,  and  it  is  also 
impossible  to  treat  it  by  mechanical  filters  as  ordinaril}"  constructed 
and  operated.  The  problem  was  the  treatment  of  this  kind  of 
water,  a  water  which  is  sometimes  available  and  is  the  only  water 
which  can  be  used  where  water  is  wanted. 

Mr.  Robert  Spurr  Weston  then  read  the  papin-,  which  was 
entitled  "  A  Short  Account  of  Some  Purification  Experiments  with 
a  Surface  Water  in  Queensland,  Australia."  The  paper  was  dis- 
cussed by  Mr.  Weston,  Mr.  E.  E.  Lochridge,  and  the  President. 

The  President.  The  next  order  of  business  is  "  Topical  Dis- 
cussion." Has  any  one' any  matter  to  bring  up?  The  Secretary 
tells  me  that  he  understood  there  was  to  be  some  discussion  as  to 
the  increase  of  water  consumption  during  the  recent  hot  weather. 

Mr.  Frank  L.  Fuller.  At  Wellesley  we  have  a  ground  water 
supply,  and  although  the  consumption  was  greater  during  the  hot 
months  this  summer  than  ever  before,  we  still  had  plenty  of  water, 
perhaps  partly  due  to  some  extra  wells  which  we  drove  last  fall 
and  winter.  We  used  less  water  on  the  streets  than  usual ;  I  pre- 
sume, on  account  of  the  use  of-  Tarvia  and  oil  and  various  other 
materials. 

Mr.  Alfred  D.  Flinn.  I  understand  that  the  normal  con- 
sumption of  Croton  water,  which  is  about  340  million  gallons  per 
•day,  has  been  forced  down  to  about  260  millions,  in  spite  of  the 
unusually  warm  weather,  by  the  influence  of  news])aper  agitation 
and  warnings  to  the  people.  This  has  involved,  however,  a  cur- 
tailment of  legitimate  uses  of  water  as  well,  prolmbly  as  a  reduc- 
tion of  the  waste  in  manufacturing  places  and  apartment  houses 
and  private  dwellings. 

The  President  then  showed  about  fifty  views  of  California,  in- 
cluding water  works  and  other  subjects,  taken  from  negatives 
made  by  himself  a  few  weeks  ago,  with  a  running  description 
covering  the  present  sources  of  supply  for  the  city  of  San  Francisco, 
owned  by  the  Spring  Valley  Water  Companj'-,  and  the  proposed 
sources  in  the  Sierra  Mountains. 

Mr.  William  F.  Sullivan,  at  the  request  of  the  Presi(l(  nt,  in  the 
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absence  of  Herman  M.  Peck,  civil  engineer,  Hartford,  Conn.,  its 
author,  read  a  paper  entitk^l  "  Organization  and  Efficiency." 

Evening  Session. 

The  Secretary  read  the  following  list  of  apjilicants  for  member- 
ship, approved  by  the  Executive  Committee: 

Active:  Clifford  ^I.  King,  Sandusky,  Ohio,  chief  engineer  of  the 
Department  of  Public  Service  of  the  city  of  Sandusky,  in  charge  of 
the  Water- Works  Division;  Harold  H.  Sinclair,  Bangor,  Me., 
assistant  superintendent;  Frank  L.  Cole,  Andover,  Mass.,  super- 
intendent; Richard  L.  Tarr,  Gloucester,  Mass.,  foreman  water 
works. 

Associate:  Grip  Coupling  Company,  Ware,  Mass.,  manufac- 
turers of  pipe  specialtv  fittings;  The  Engineering  Record,  New  York 
City. 

On  motion  of  Mr.  John  C.  Whitney,  the  Secretary  was  instructed 
to  cast  the  ballot  of  the  Association  in  favor  of  the  applicants 
named,  and  he  having  done  so  they  w^ere  declared  duly  elected 
members  of  the  Association. 

Mr.  Alfred  D.  Flinn,  department  engineer,  Board  of  Water 
Supply,  New  York  City,  read  a  paper  entitled  "  Protection  of 
Steel  Pipes  in  the  Catskill  Aqueduct."  The  paper  was  illustrated 
by  stereopticon  views.  Mr.  John  H.  Cook,  Mr.  W.  R.  Conard, 
Mr.  F.  N.  Spiller,  and  Mr.  J.  Waldo  Smith  took  part  in  the 
discussion. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  was  held  at  Paragon  Park,  Nantasket 
Beach,  Mass.,  on  Wednesday,  Jmie  14,  1911. 

Present:  Vice-President  Michael  F.  Collins,  William  E.  May- 
bury,  Richard  K.  Hale,  and  Willard  Kent. 

Applications  of  the  following-named  persons  were  approved  and 
recommended   to   the   Association   for   election   to   membership. 

T.  J.  McCarthy,  city  engineer,  Holyoke,  Mass.;  Henry  R. 
Buck,  consulting  engineer,  Hartford,  Conn.;  Arthur  W.  Jepson,. 
engineer  Bristol  Water  Company,  Bristol,  Conn.;  Charles  T. 
Treadway,  president  Bristol  Water  Company,  Bristol,  Conn.; 
Charles  E.  Johnson,  superintendent  Board  of  Public  Works,  North 
Andover,  Mass.;  Frank  L.  Anders,  city  engineer,  Fargo,  No. 
Dak. ;  Raymond  W.  Parlin,  resident  engineer  Washington  County 
Water  Company,  Hagerstown,  Md. 

Adjourned. 

Willard  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  Thursday,  July  13,  1911,  at  11  o'clock  a.m. 

Present:  Vice-President  Michael  F.  Collins,  William  E.  May- 
bury,  Lewis  M.  Bancroft,  Richard  K.  Hale,  Robert  J.  Thomas, 
and  Willard  Kent. 

Mr.  Sherman  of  the  Committee  on  Annual  Convention  being 
called  away  by  business  engagements,  it  was 

Voted:  That  Mr.  William  E.  Maybury  be  and  hereby  is  made  a 
member  of  that  committee  in  place  of  Mr.  Sherman. 

Voted:  That  the  annual  convention  of  this  Association  be 
held  in  Gloucester,  Mass.,  on  the  13th,  14th,  and  loth  of  September 
next. 
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Voted:  That  Mr.  F.  X.  Wliitcomb,  of  the  A.  P.  Smith  Mami- 
iacturing  Company,  he  and  hereby  is  made  the  Committee  on 
Associates'  Exhibits  at  the  aimual  convention  to  be  hekl  in 
Septemlier  next. 

Adjourned. 

WiLLARi)  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  Tuesday,  August  15,  1911. 

Present:  Vice-President  Michael  F.  Collins,  Lewis  M.  Bancroft, 
Bichard  K.  Hale,  John  J.  Kirkpatrick,  Leonard  Metcalf,  Bobert 
J.  Thomas,  and  Willard  Kent. 

Mr.  Maybury,  of  the  Committee  on  Annual  Convention, 
reported  satisfactory  arrangements  for  holding  tlie  convention 
at  the  Hawthorne  Inn,  Gloucester,  Mass. 

After  chscussion  of  desirable  topics  for  future  literary  programs, 
the  meeting  adjourned. 

Willard  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  the  Convention  Hall,  Hawthorne 
Inn,  Gloucester,  Mass.,  September  13,  1911. 

Present:  President  Hazen,  and  members  Irving  S.  Wood, 
WilUam  E.  Mayl)ury,  Lewis  M.  Bancroft,  Bobert  J.  Thomas, 
and  Willard  Kent. 

Seven  applications  for  meml)ership  were  received  and  recom- 
mended for   admission,   namely: 

For  membership,  William  A.  Carstensen,  water  commissionei-, 
Winthrop,  Mass.;  Stephen  E.  Kieffer,  consulting  engineer,  San 
Francisco,  Cal.;  J.  Albert  Bobinson,  fire  protection  engineer, 
Boston,  Mass.;  John  L.  Dower,  president  board  of  water  com- 
missioners, Hartford,  Conn.;  George  T.  Evans,  superintendent 
Gloucester  Water  Works,  Gloucester,  Mass. ;  W.  S.  Cramer,  chief 
engin(>er  water  works,  Lexington,  Ky. ;  J.  B.  Longley,  superin- 
tendent water  works,  Lewiston,  Me. 

Adjom-ned. 

WiLLAUi)   Kent,  Secretary. 
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Meeting  of  the  Executive  Committee  of  the  New  England 
Water  AVorks  Association,  at  Hawthorne  Inn,  Gloucester,  Septem- 
ber  14,    1911. 

Present:  President  Hazen,  and  members  Irving  S.  Wood, 
William  E.  Maybury,  Lewis  M.  Bancroft,  J.  Waldo  Smith,  Robert 
J.  Thomas,  and  Willard  Kent. 

Five  applications  were  received  and  recommended  for  admission, 
namely: 

For  membership:  Harold  H.  Sinclair,  assistant  superintendent 
water  works,  Bangor,  Me. ;  Richard  L.  Tarr,  foreman  Gloucester 
AA-'ater  AVorks,  Gloucester,  Mass.;  Chfford  M.  King,  chief  engineer 
Department  Public  Service,  Sandusky,  Ohio;  Frank  L.  Cole, 
superintendent  water  works,  Andover,  Mass. 

For  associate  meml^ership:  Grip  Coupling  Company,  AVare, 
Mass. 

Adjourned. 

AViLLARD  Kent    Secretary, 
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Walter  Herbert  Sears,  for  about  five  years  chief  enginoer 
of  the  Aqueduct  Commissioners,  in  charge  of  the  extensions  of 
the  Croton  water  supply  of  the  city  of  New  York,  died  October  7, 
1911,  at  his  home  in  Pl^'mouth,  Mass. 

Mr.  Sears  was  born  in  Plymouth,  in  1847,  and  graduated  from 
the  Massachusetts  Institute  of  Technology  in  1868.  The  following 
year  was  spent  on  Prospect  Park,  Brooklyn,  and  the  second  year 
in  the  office  of  Mr.  John  B.  Henck,  civil  engineer,  Boston.  From 
1872  to  1874  Mr.  Sears  was  chief  engineer  constructing  water 
works  for  Winchester,  Mass.;  from  1875  to  1879  he  held  a  similar 
position  in  charge  of  preliminary  surve^^s  and  construction  of 
water  works  for  Pawtucket,  R.  I.;  in  the  year  1880-1881,  as 
chief  engineer,  he  constructed  water  works  for  Stillwater,  Minn. ; 
and  in  1882-1883  an  extension  of  the  water-Avorks  system  of 
Winchester,  Mass.  In  1883-1884  he  was  an  assistant  engineer  of 
the  American  Bell  Telephone  Compan}',  placing  Avires  underground 
in  the  vicinity  of  Boston  and  Washington.  As  resident  engineer  he 
constructed  a  new  water  supply  for  Beverly,  ]\Iass.,  in  1885  to  1887, 
and  the  following  two  years  were  spent  as  chief  assistant  engineer  of 
the  East  Jersey  Water  Company,  at  Paterson,  N.  J.  In  1891  he 
was  chief  assistant  engineer  on  the  additional  water  supply  of 
Rochester,  N.  Y.  For  the  succeeding  ten  years  Mr.  Sears  Avas  en- 
gaged in  general  engineering  practice,  including  reneAV'al  of  the 
Avater-supply  systems  of  Plymouth  and  Lincoln,  Mass.,  and  plans 
for  a  ncAv  Avater  supply  for  Grand  Rapids,  Mich.  In  1903  he  became 
department  engineer  under  the  Commission  on  Additional  Water 
Supply,  appointed  by  Mayor  Loav  to  investigate  Catskill  and  the 
other  Avater  projects  for  New  York  City,  Mr.  Sears  haA'ing  charge 
of  the   Catskill   department.     FolloAving  this   engagement   Mr. 
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Sears  was  resident  engineer  for  the  Northern  New  Jersey-  Flood 
Commission,  with  offices  at  Paterson,  N.  J.  In  1904  he  became 
division  engineer  of  the  Croton  River  Division  of  the  Aqueduct 
Commissioners  and  liad  charge  of  work  in  the  vicinity  of  Katonah, 
N.  Y.  From  August  1,  1905,  to  January  9,  1906,  he  was  acting 
chief  engineer,  and  from  the  latter  date  to  April  1,  1910,  chief 
engineer  of  the  Aqueduct  Commissioners;  during  this  period  the 
Cross  River  reservoir  was  completed  and  the  Croton  Falls  reservoir 
construction  begun  and  carried  nearly  to  completion.  During 
the  latter  part  of  his  engagement  Mr.  Sears  was  taken  ill  and  was 
unable  to  return  to  active  work. 

He  was  a  member  of  the  American  Society  of  Civil  Engineers 
from  October  5,  1904.  Mr.  Sears  was  elected  a  member  of  the 
New  England  Water  Works  Association  on  September  13,  1899. 
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COMING   EFFICIENCY   IN   WATER-WORKS 
MANAGEMENT. 

BY    W.    H.    RICHARDS,    ENGINEER   AND    SUPERINTENDENT   OF   WATER 
AND    SEWER   DEPARTMENT,    NEW    LONDON,    CONN. 

[Read  September  13,  1911.] 

Much  has  been  written  of  late  of  scientific  efficiency,  the  aim 
being  to  get  a  greater  return  with  less  effort,  but  behind  this  move- 
ment is  the  increasing  desire  to  promote  that  efficiency  which 
saves  material  as  well  as  labor  and  thus  reduces  cost  of  output. 
So  strongly  has  this  idea  taken  hold  of  the  people  that  the  day 
is  nor  far  distant  when  the  managxnnent  of  at  least  all  the  larger 
corporations  both  public  and  private  will  be  judged  by  the 
resulting  cost. 

So  far  as  water  departments  either  public  or  private  are  con- 
cerned, this  will  first  manifest  itself  in  the  cities  of  medium  size. 
And  it  is  imi)ortant  that  this  society  consider  some  of  the  ways  in 
which  this  demand  must  be  met,  and  it  is  with  this  in  view  that 
this  paper  is  presented. 

Whatever  of  criticism  will  be  found  in  this  paper  applies  with 
equal  force  to  i)rivate  comi)anies  or  ])ublic  corporations,  as  lack 
of  efficient  management  is  found  as  often  in  one  as  in  the  other, 
and  in  the  final  analysis  the  ])ublie  i)ays  in  each  case. 

To  promote  the  greatest  efficiency  the  board  of  managers  or 
commission,  by  whatever  name  it  may  be  called,  sliouhl  be  non- 
political  and  its  duties  should  be  strictly  separated  from  the  execu- 
tive ])art  of  the  work,  being  confined  to  matters  of  general  poMcy, 
a])proval  of  ex])en(litures,  a])])roi)riation.s,  general  i)lans,  formula- 
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tion  of  rules,  etc.,  appointment  and  removal  of  subordinates  bcins;- 
made  only  on  recommendation  of  the  general  manager,  superin- 
tendent, engineer,  commissioner,  or  whatever  title  may  be  given  to 
the  executive  head,  for  upon  the  latter  rests  or  should  rest  mainl}' 
the  responsibility  for  the  efficienc}'  of  the  work.  For  the  remainder 
of  this  paper  he  will  be  referred  to  as  the  superintendent. 

What  kind  of  a  man  should  the  superintendent  be?  Not 
necessaril}'  an  engineer  in  the  sense  of  being  a  graduate  with  a 
"  sheepskin,"  but  he  certainly  should  be  an  engineer  in  the  larger 
sense  that  he  should  be  ingenious,  capable  of  interpreting  a  clraAving 
or  making  one  if  necessarj^  with  a  thorough  knowledge  of  con- 
struction and  tools,  and  he  must  have  or  immediately  acquire  a 
knowledge  of  the  fundamental  principles  of  hydraulics,  and  over 
and  above  all  else  he  should  understand  the  principles  of  lousiness 
management.  Such  a  man,  it  is  perhaps  unnecessary  to  state, 
cannot  be  secured  for  twelve  or  fifteen  hundred  dollars  per  year. 
If  the  organization  be  a  new  one,  several  years  must  elapse  in 
experiments,  and  usually  the  "  fads  and  fancies  "  of  the  superin- 
tendent have  to  be  tried  out  and  their  utility  tested.  Even  with 
the  above  qualifications  he  has  much  to  learn,  for  the  management 
of  water  works  requires  much  special  knowledge. 

The  powers  of  the  superintendent  should  he  large,  and  to  secure 
the  greatest  efficiency  he  should  have  a  voice  in  the  appointment 
of  his  subordinates  as  well  as  the  power  to  recommend  discharge 
after  .proper  hearing,  for  efficiency  cannot  be  secured  without 
discipline  by  a  single  responsible  head.  With  such  an  organization 
the  economy  in  conducting  the  work  will  be  improved  from  year  to 
year;  efficiency  without  economy  is  impossible.  Many  policies 
have  been  settled  by  experience,  and  most  of  them  have  been  put 
in  print,  but  there  remains  much  that  is  experimental,  and  the 
solution  of  many  problems  must  be  left  to  the  ingenuity  of  the 
superintendent  as  they  arise.  For  instance,  while  the  efficiency 
of  the  cast-iron  mains  has  been  pretty  thoroughly  tested  with 
most  waters,  the  life  and  coatings  of  steel  mains  are  still  problem- 
atical. The  size  of  mains  necessary  in  certain  places  offers  a  wide 
field  for  ingenuity  and  thought  on  the  part  of  the  superintendent; 
so  with  the  service  pipe;  except  in  special  qualities  of  water,  lead 
is  almost  universally  used,  yet  the  regulation  of  the  size  is  subject 
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to  -w-ide  variation  dependent  on  the  pressure  and  quantity  of  water 
necessary  or  desirable  to  be  supplied  in  a  given  time,  and  the  regula- 
tion of  the  size  calls  for  even  more  consideration  than  the  size  of 
tlic  mains,  for  the  theory  that  a  certain  quantity  of  water  will  go 
through  a  certain  sized  hole  regardless  of  the  length  of  the  pipe 
is  one  of  the  most  common  errors  of  the  ignorant  and  unthinking. 

I  believe  no  one  has  yet  discovered  the  best  water  meter,  yet 
there  is  a  chance  to  exercise  considerable  judgment  of  the  kind  or 
type  for  different  circumstances  or  uses,  and  if  the  board  of  man- 
agers insist  on  selecting  the  cheapest  without  regard  to  material 
or  construction,  the  result  will  be  disastrous  to  the  efficiency  of  the 
meter  department. 

The  conclusions  of  sanitary  experts  are  changing  every  minute 
and  the  superintendent  must  have  a  very  logical  mind  to  sei)arate 
the  theoretical  from  the  practical. 

What  about  the  composition  of  the  board  of  directors?  The 
corner  grocery  or  professional  politics  do  not  usually  fit  men  for 
undertaking  large  affairs,  and  a  man  who  never  handled  a  hundred 
dollars  in  his  life  is  somewhat  bewildered  when  given  $100  000 
to  spend.  Some  men  are  so  constituted  that  they  magnify  a 
dollar  to  cartwheel  size;  others  have  so  little  knowledge  of  its 
value,  especially  when  it  belongs  to  some  one  else,  as  to  ignore  its 
size  altogether.  The  first,  while  saving  cents,  will  lose  dollars, 
and  the  second  will  lose  both.  The  best  proof  of  a  man's  ability 
to  manage  large  undertakings  for  other  people  is  that  he  has 
managed  his  owai  large  l:)usiness  successfully.  A  board  of  managers, 
for  instance,  when  buying  land  or  rights,  may  in  their  effort  to 
drive  a  sharp  bargain  overreach  and  get  into  a  lawsuit  which  will 
cost  many  times  the  amount  saved.  Another  board  may  saddle 
the  city  or  company  with  a  filtcn*  or  an  expensive  reservoir  un- 
necessary for  the  time  being  at  least. 

In  construction  or  extension  of  the  work  where  it  is  necessary  to 
engage  a  designing  engineer,  the  superintendent  may  give  advice 
which  should  always  be  given  consideration.  For  the  design  of 
work  is  one  thing  and  the  care  of  it  another.  ]\Iany  a  sui)erin- 
tendent  has  been  worried  into  the  grave  trying  to  adapt  an  im- 
practical scheme  designed  by  an  engineer  without  oxporionce  in 
management. 
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The  board  when  selecting  its  designing  or  consulting  engineer 
might  remember  that  a  six  weeks'  trip  to  Europe  does  not  make  an 
engineer,  and  might  well  consider  if  an  expensive  filter  or  massive 
dam  is  necessary.  The  interest  account  of  many  a  city  or  com- 
pany is  burdened  with  the  cost  of  an  extravagant  structure  built 
but. to  gratify  the  fad  of  the  designing  engineer. 

A  celebrated  foreign  engineer  on  viewing  a  large  water-works 
dam  once  said  that  "  any  fool  could  build  a  dam  if  he  could  use  a 
large  enough  factor  of  safety." 

It  should  be  borne  in  mind  that  every  gallon  of  water  has  a 
fixed  value  and  that  that  value  is  dependent  on  the  cost  and 
capacity  of  the  work  and  the  expense  of -maintaining  it.  No  work 
can  be  run  efficiently  until  this  fact  is  recognized  and  understood. 
If  the  rates. are  so  regulated  that  one  man  gets  two  gallons  for  the 
price  of  one,  then  the  man  who  uses  one  gallon  and  pays  for  it 
pays  part  of  the  other  man's  water  rate. 

The  cost  of  the  water  system  and  its  maintenance  should  be 
borne  by  the  consumer  of  water  and,  except  as  to  that  part  of  the 
expenditure  necessary  for  the  extinguishment  of  fires,  in  proportion 
to  the  amount  of  water  used. 

The  practice  of  furnishing  water  free  to  the  city  departments, 
hospitals,  and  other  institutions  which  may  make  a  plausible  plea 
to  the  board,  as  well  as  the  practice  of  furnishing  extra  fire  protec- 
tion free  to  certain  parties  who  are  patrons  of  certain  insurance 
companies,  is  not  only  unjust  to  the  rate  payers,  but  makes  a  state- 
ment of  the  measure  of  efficiency  impossible. 

If  it  is  thought  necessary  to  lay  out  a  park  or  pleasure  ground 
on  lands  controlled  by  a  public  water  department,  why  not  charge 
it  to  the  park  department?  What  has  tree  culture  to  do  with  the 
conduct  of  a  water  system? 

Many  cities  have  tons  of  lead  service  pipe  where  they  will 
never  be  used,  laid  with  the  expectation  of  preventing  the  disturb- 
ance of  the  pavement  which  other  public  service  corporations  dig 
up  without  hindrance.  It  has  become  necessary  in  one  large  city 
to  expose  the  mains  and  shut  off  these  unused  extra  service  pipes 
to  prevent  leakage. 

Few  water  departments  make  any  account  of  water  furnished  to 
other  city  departments,  and,  on  the  other  hand,  few  water  depart- 
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ments  make  remuneration  for  damage  to  streets.  A  precise 
system  of  accounting  would  stop  many  leaks  in  a  water-works 
system.  In  fact,  it  is  usually  impossible  to  tell  whether  the  works 
are  efficiently  managed  or  not  from  the  published  accounts. 
A  balance  sheet  is  of  rare  occurrence  in  a  water  report,  and  an  in- 
ventory or  any  charge  for  depreciation  still  more  rare. 

The  president  of  one  water  company  furnishes  all  water  pipe 
used,  and  a  relative  furnishes  all  coal,  Avithout  competition;  the 
water  taker  pays  for  both,  in  high  rates.  The  superintendent 
has  been  dismissed,  being  of  a  too  prying  disposition.  Another 
water  company  has  all  outside  work  done  by  a  relative  of  the 
president  on  a  percentage.  What  is  more  common  than  for  one 
member  of  the  board  to  interfere  with  details  of  the  management 
of  a  department?  —  and  the  more  ignorant  he  is  the  more  likely  he  is 
to  interfere. 

Of  what  use  is  a  meter  system  when  30  per  cent,  of  the  water  is 
wasted  by  poorly  jointed  pipe  and  20  per  cent,  by  the  waste  in 
public  buildings? 

Efficiency  can  only  be  effected  by  order  and  system  coming 
through  one  responsible  head,  and  that  head  must  be  more  or  less 
of  an  autocrat,  each  subordinate  being  in  turn  responsible 
to  the  one  above. 

In  this  age  when  improvements  in  methotls  and  means  of  trans- 
acting business  are  constantly  being  introduced,  it  requires  constant 
study  and  clear  discernment  to  find  and  apply  the  device  or  method 
necessary  for  the  particular  work. 

In  a  city  of  considerable  size  it  is  impossible  for  the  superin- 
tendent to  observe  every  detail  of  the  work,  and  he  will  accomplish 
more  in  his  office  than  in  his  automobile,  but  he  must  first  acquire 
a  knowledge  of  the  work  and  his  subordinates  by  observation. 
At  his  desk  he  decides  a  multitude  of  problems,  from  the  color  of 
paint  to  quality  of  yarning,  from  the  probable  registry  of  an 
obstructed  meter  to  the  efficiency  of  his  })umps;  and  all  the  time 
he  must  know  what  each  subordinate  is  doing  and  what  he  is 
going  to  do  the  next  day. 

This  in  general  is  an  outline  of  some  of  the  things  necessary 
to  have  and  a  few  of  the  things  to  avoid  in  an  efficient  water-works 
system,  and  the  efficiency  is  measured  by  the  cost  of  the  water 
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supplied,  taking  into  consideration  its  quantity  and  the  necessary 
expense  to  secure  and  distribute  it. 

As  mentioned  above,  the  time  is  fast  approaching  when  the  con- 
stantly increasing  indebtedness  of  water  supply  systems  will 
attract  the  public  attention  and  managers  will  be  held  strictly 
accountable  to  the  public.  Until  that  time  comes,  the  following 
description  of  the  water-works  superintendent  by  President 
Alvord,  of  the  American  Water  Works  Association,  will  hold  good: 
"  He  has  held  out  to  him  no  alluring  pension  as  a  reward  for  the 
honest,  faithful,  and  nerve-racking  care  and  service  he  gives,  but 
is  haunted  day  and  night  by  fear  of  a  broken  main,  failure  of  water 
supply,  or  of  disease  traceable  to  the  water.  He  has  trouble 
securing  funds  for  procuring  the  necessary  equipment,  and,  above 
all,  has  to  deal,  always  courteously  but  firmly,  with  the  ever-present 
infuriated  citizen  who  insists  he  is  not  getting  his  just  dues  from  a 
government  he  helps  support." 

How  can  efficiency  be  best  promoted?  I  should  say  by  system 
carefully  thought  out,  by  having  order  everywhere,  and  by  well- 
defined  rules  thoroughly  and  impartially  enforced. 


DISCUSSION. 

Mr.  a.  E.  Martin.  Mr.  President,  I  presume  that  every  one 
here  who  has  anything  to  do  with  water  works  in  Massachusetts 
has  felt  the  effect  of  the  eight-hour  law,  so-called,  and  I  think  we 
will  feel  it  more  as  time  goes  on.  The  chances  are  that  some  of  us 
may  find  ourselves  up  against  a  one  thousand  dollar  fine  and  im- 
prisonment for  six  months,  more  or  less,  if  the  judge  who  has  the 
case  to  try  happens  to  be  one  of  our  disappointed  customers.  I 
think  it  is  going  to  be  a  pretty  hard  problem  to  do  our  work  in 
eight  hours  a  day,  or  forty-eight  hours  a  week,  and  make  the  sys- 
tem as  efficient  as  it  ought  to  be. 

The  rule  I  propose  to  adopt,  as  far  as  I  can,  is  this:  That  mj^ 
first  duty  is  to  see  that  every  customer  gets  his  water  when  he 
wants  it,  and  when  he  ought  to  have  it,  and  if  I  have  to  infringe 
the  law  to  do  that,  some  one  will  have  to  back  me  up.  It  would 
not  take  many  one  thousand  dollar  fines  to  eat  up  my  yearly 
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salary,  and  my  family  would  feel  its  effects,  if  I  had  more  than  one 
such  fine  to  pay  in  the  course  of  the  year. 

Mr.  Richards.  What  Mr.  Martin  has  said  wnth  regard  to  the 
eight-hour  law  puts  me  in  mind  of  something  which  I  should  have 
mentioned,  perhaps,  in  my  paper.  It  is  a  question  whether  a  man 
call  accomplish  as  much  work  in  nine  hours  as  he  can  in  ten,  pro- 
vided the  men  working  with  him  arc  equally  efficient;  but  you 
have  got  to  have  a  limit  sominvhere,  of  course,  and  when  you  put 
it  at  eight  hours  I  doubt  if  it  holds  true.  I  do  think,  however, 
that  in  nine  hours  an  ordinary  man,  if  he  is  efficient,  will  do  about 
as  much  work  as  he  would  in  ten.  I  have  just  been  notified  by  a 
walking  delegate  that  my  men  must  work  only  eight  hoiu's,  so  I 
am  beginning  to  think  over  the  question  myself  a  little. 

j\Ir.  ]\Iartix.  ]Mr.  President,  it  has  just  been  suggested  to  me 
that  some  of  our  members,  who  are  not  Massachusetts  men,  may 
not  know  exactly  what  the  Massachusetts  eight-hour  law  means. 
For  their  information  I  might  say  that  during  the  past  four  years 
there  has  been  a  constant  effort  made  to  secure  the  passage  of  a 
law  Avhereby  no  municipal  employee  should  be  allowed  to  work 
over  eight  hours  in  any  one  day,  or  forty-eight  hours  in  a  week. 
Such  a  law  was  passed  by  the  legislature  and  twice  vetoed  by 
Governor  Draper,  but  this  year  it  has  been  signed  by  Governor 
Foss,  after  a  certain  feature  had  been  eliminated  by  the  Supreme 
Court.  As  the  law  now  stands,  if  a  man  by  working  a  little  over- 
time has  any  extra  time  to  his  credit  at  the  end  of  the  week,  so  that, 
for  instance,,  he  has  worked  forty-eight  hours  in  five  days,  he 
must  lay  off  the  remainder  of  the  week.  The  penalty  for  each 
infringement  of  the  law  is  a  fine  of  one  thousand  dollars,  or  im- 
prisonment for  six  months  in  jail,  or  both.  That  applies  to  the 
man  who  is  responsible,  and  is  supposed  to  be  the  superintendent. 

It  strikers  me  that  the  various  water  boards  Avill  have  .to  stand  in 
the  breach  and  ])ack  us  u}),  for  I  don't  tiiink  there  are  many  superin- 
tendents who  would  care  to  spend  six  months  in  jail  or  even  pay 
a  fine  of  one  thcnisand  dollars.  But  that  is  what  we  are  uj)  against 
now.  I  think  perhaps  if  numicipal  officials  had  realized  as  nmch 
about  it  before  the  law  was  passed  as  they  do  now,  they  might  have 
appeared  at  tlie  State  House  and  attempted  to  prevent  the  passage 
of  the  bill,  although  1  hanlly  believe  they  would  have  been  sue- 
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cessful.  The  movement  has  been  under  way  three  or  four  years, 
and  the  labor  men  were  bound  to  put  it  through,  and  now  they 
have  got  the  law  I  doubt  if  it  will  ever  be  repealed.  It  may  prove 
to  be  unconstitutional,  and  I  believe  it  will,  if  a  test  case  is  ever 
brought,  but  I  don't  know  of  anybody  who  wants  to  stand  up  and 
test  it.     I  certainly  do  not,  for  one. 

Mr.  a.  L.  Sawyer.  Don't  you  understand  that  in  cases  of 
emergency  the  men  can  work  overtime? 

Mr.  Martin.  Yes.  In  the  case  of  an  emergency,  when  there 
is  a  break  or  anything  of  that  kind,  which  is  going  to  cut  off  the 
water  supply,  we  are  allowed  to  work  overtime. 

Mr.  Sawyer.  In  Haverhill  our  superintendent  is  striving  to 
keep  within  the  law  as  well  as  he  can,  and  in  case  of  a  break  that 
has  to  be  attended  to  he  keeps  on  file  a  separate  record  of  it,  under 
the  head  of  "  Emergency  Work,"  and  that  will  be  open  to  the 
state  police  inspectors.  I  doubt  if  the  inspectors  will  get  around 
very  often,  for  this  is  a  big  state  for  them  to  cover. 

Mr.  Martin.  I  will  say  in  answer  to  Mr.  Sawyer  that  I  do 
not  think  it  is  the  state  police  who  are  going  to  interfere  with  us 
as  much  as  it  is  the  agents  of  the  labor  unions,  and  those  people  who 
used  to  be  called  "  walking  delegates." 

Mr.  Sawyer.  The  foreman  of  our  street  department  has  told 
me  that  the  men  in  the  street  department  in  Haverhill  are  against 
the  law. 

Mr.  T.  J.  Carmody.  I  think,  Mr.  President,  that  Mr.  Martin  is 
wrong  in  his  interpretation  of  the  law.  If  a  question  of  the  public 
health  is  involved,  you  can  work  the  men  over  forty-eight  hours, 
and  I  think  myself  the  law  is  a  good  one.  I  am  in  favor  of  it, 
because  I  think  there  are  a  good  many  men  employed  in  the  de- 
partments who,  without  such  a  law,  would  have  to  Avork  a  good 
deal  overtiipe.  If  a  man  works  forty-eight  hours  a  week,  working 
day  or  night,  I  don't  see  why  he  shouldn't  then  be  entitled  to 
lay  off.  I  think  eight  hours  a  day  is  long  enough  for  any  man 
to  work,  and  I  think  he  can  really  accomplish  as  much  in  eight 
hours  as  he  can  in  nine.  A  man  can  do  but  a  certain  amount  of 
work  anyway,  and  1113'  experience  in  my  own  line  of  business  has 
been  that  a  man  can  do  just  as  much  in  eight  liours  as  when  he 
was  working  nine  or  working  ten  hours. 
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Mr.  Arthur  A.  Reimer.  The  paper  presents  a  subject  that  I 
think  we  all  have  studied  more  or  less  unconsciously,  that  is, 
without  calling  it  "  Efficiency  in  Water- Works  Management." 
1  think  we  all,  as  men  interested  in  some  line  of  endeavor,  be  it 
the  management  of  a  water  plant  or  the  designing  of  some  engineer- 
ing structure,  strive  to  get  the  best  results  possible,  if  we  are  true 
to  our  calling;  and,  therefore,  we  are  efficiency  students  to  that 
extent,  though  we  may  not  apply  that  particular  term  to  it. 

The  author  stated  that  eventually  the  measure  of  efficiency  is 
going  to  be  cost.  I  could  not  fully  agree  with  that  statement, 
for,  without  knoAving  that  others  were  going  to  mention  this 
eight-hour  matter,  I  had  in  mind  several  elements,  one  of  which 
was  this  very  question  of  the  eight-hour  law.  A  man  who  is  work- 
ing under  the  stress  of  a  definite  law  with  an  eight-hour  limit 
certainly  cannot  compare  his  work  and  the  results  accomplished 
with  the  work  done  by  another  man  working  under  no  restriction 
as  to  time  and  working  the  usual  and  customary  term  of  ten  hours 
with  his  men.  I  think  some  other  standard  of  comparison  will  have 
to  be  used  than  the  standard  of  cost.  We  must  measure  the  re- 
sults accomplished  by  some  other  element  than  the  financial  one. 
I  am  not  overlooking  the  fact  that  local  conditions  produce  very 
different  results  and  costs  in  different  localities,  ])ut  the  cost  is 
not  necessarily  the  proper  basis  of  comparison  of  efficiency,  even 
when  an  analysis  includes  the  effect  of  local  conditions. 

I  agree  fully  with  the  position  the  author  has  taken  with  regard 
to  the  attitwde  which  should  be  assumed  by  the  head  of  the  de- 
partment. The  author  used  the  term  "  autocrat,"  and  I  do  not 
believe  that  a  better  term  can  be  used  to  describe  the  position 
Avhich  should  be  occupied  by  such  a  man  when  it  comes  lo  the 
question  of  the  employment  and  discharge  of  men  occupying 
positions  under  him  or  the  executive  management  of  the  deinirt- 
ment.  If  we  are  to  be  lield  responsible  for  results  accomplished 
in  our  departments,  and  I  think  we  all  regard  our  department 
as  ours,  and  if  we  have  the  interest  of  the  department  at  heart, 
we  certainly  should  have  full  control  of  the  department.  Re- 
sponsibility without  authority  is  as  bad  a  condition  as  taxation 
without  rej)resentation. 

I  think  that  is  the  attitude  that  we  all  should  seek  to  occupy 
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with  regard  to  the  management  of  the  various  departments.  I 
cannot  speak  about  the  private  companies,  because  I  have  never 
had  any  connection  with  one  of  them,  but  certainly  in  municipal 
work,  where  politics  enters  to  such  an  extent,  if  we  are  going  to 
get  good  results  I  believe  it  is  our  duty  to  stand  firm  and  say  that 
we  must  have  full  power.  If  we  cannot  I  am  afraid  it  will  be  a 
case  of  wreck  the  department  or  resign.  The  commission  idea  that 
is  sweeping  the  country  at  present,  and  is  so  much  talked  of,  has 
as  one  of  its  basic  principles  the  fixing  of  individual  responsibility, 
and  that  same  principle  applied  to  the  water  department  means 
that  the  superintendent  or  engineer,  or  whatever  his  title  may  be, 
must  be  the  executive  power  in  that  department,  although  of 
course  the  governmental  work,  when  it  comes  to  laws  and  so  on,, 
must  be  carried  on  by  the  City  Council,  or  the  Commission,  or 
whatever  body  it  may  be  that  is  the  administrative  head  of  the 
city. 

We  are  troubled  with  the  eight-hour  law  down  in  New  Jersey. 
It  has  come  to  us  this  year  as  an  unwelcome  present.  We  are 
allowed  to  work  the  men  overtime  in  case  of  emergency,  but 
they  have  to  be  paid  for  it.  To  meet  the  situation  in  our  depart- 
ment I  told  the  various  foremen  and  assistants  that  I  wanted  them 
to  endeavor  to  get  as  much  work  done  in  the  eight  hours  as  they 
had  formerly  in  ten.  I  said  that  was  what  they  should  strive  for; 
I  did  not  tell  them  they  would  have  to  get  it,  for  I  did  not  know 
that  it  would  be  possible.  I  have  been  interested  in  comparing 
the  results  during  the  past  few  months  with  the  results  accom- 
plished under  the  old  ten-hour  rule,  and  I  find  that  by  constant 
prodding  of  the  foremen,  they  can  get  nearly  as  much  work  done 
with  their  gangs  in  eight  hours  as  they  formerly  did  in  ten,  and 
I  should  be  glad  to  hear  what  others  have  been  able  to  do  along 
this  hne.  We  have  not  worked  under  the  eight-hour  law  for  a 
full  year  yet,  so  I  cannot  give  a  year's  results,  but  at  present  we 
are  getting  along  fairly  well  under  the  eight-hour  rule.  It  means, 
of  course,  that  the  foremen  are  working  up  to  a  higher  standard 
of  efficiency,  that  is  what  it  comes  down  to,  because  they  are 
using  their  brains  to  devise  schemes  to  save  work  which  was 
formerly  done,  perhaps  uselessly,  and  the  department  would, 
therefore,  seem  to  be  working  on  a  higher  plane  of  efficiency  on 
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the  labor  end.  But  other  features  of  the  eight-hour  law  make  it 
highly  objectionable,  and  largely,  if  not  fully,  offset  any  advantages 
that  may  come  from  it. 

Mr.  M.  N.  Baker.  It  seems  to  me  that  attention  should  be 
given  to  a  functional  classification  of  water-works  administration 
with  a  view  to  working  out  a  basis  of  cost  of  service.  Such  sta- 
tistics as  have  been  compiled  in  the  past  have  been  largely  valueless 
because  they  do  not  get  dowai  to  the  bottom  facts  which  should 
govern  and  instruct  a  water-works  superintendent.  It  is  earnestly 
to  be  desired  that  all  water- works  men  should  join  together  in 
working  out  some  better  forms.  Just  how  this  can  be  done  is 
too  large  a  question  to  enter  upon  at  this  time;  possibly  it  might 
be  worthy  of  consideration  by  a  committee  of  the  Association  at 
some  future  date. 

Mr.  W.  C.  Hawley.  I  am  particularly  interested  in  this 
eight-hour  proposition,  Mr.  President.  If  the  time  which  the 
superintendent  has  to  spend  in  Massachusetts  measures  up  ^viih. 
what  the  superintendents  elsewhere  have  to  spend,  I  can  see  where 
he  will  have  Saturday  and  possibly  Friday  and  maybe  some  of 
Thursday  off  most  every  week.  I  think  I  A\ill  apply  for  a  position 
in  Massachusetts. 

In  addition  to  the  qualifications  of  a  manager, '  which  Mr. 
Richards  has  mentioned,  I  think  he  ought  also  to  be  something 
of  a  lawyer.  I  have  found  in  connection  with  municipal  plants 
that  you -cannot  always  depend  upon  the  political  lawyers  who 
are  connected  with  the  city  government,  and  have  found  in  con- 
nection with  privately  owned  plants  that  a  good  many  questions 
come  up  which  must  be  decided  when  there  is  no  time  for  con- 
sultation with  an  attorney. 

This  matter  of  efficiency  is  one  which  is  receiving  a  great  deal 
of  attention,  and  one  which  needs  to  be  considered  in  the  water- 
works business,  especially  in  municipally  owned  plants.  I  think 
that  as  a  rule  the  privately  oA\aiefl  plants,  the  larger  ones  at  any 
rate,  have  been  obliged  to  give  a  great  deal  of  attention  to  the 
subject;  but  such  investigations  as  I  have  made  as  to  municipally 
owned  plants  show  a  large  mixture  of  politics  with  business,  and 
generally  not  for  the  good  of  the  plant. 

Incidentally,  there  is  much  that  we  water-works  men  can  learn 
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from  the  decisions  of  the  Wisconsin  Raihoacl  Commission  in  the 
carrying  out  of  the  Pubhc  Utihty  Law  of  the  State  of  Wisconsin. 
The  work  which  has  been  done  by  that  board  in  analyzing  the  costs 
of  plants  and  the  costs  of  the  different  kinds  of  service  has  been 
very  interesting,  instructive,  and  helpful.  The  decisions  have 
certainly  surprised  those  municipalities  that  have  come  in  contact 
with  the  law.  This  is  especially  true  in  the  case  of  the  municipal 
plant  of  the  city  of  Madison,  and  also  in  the  case  of  the  City  of 
Beloit  V.  The  Beloit  Water,  Gas,  and  Electric  Company.  A  sum- 
mary of  this  latter  decision  was  published  in  the  Engineering 
Record  of  September  2.  These  municipalities  have  been  surprised 
to  learn  what  it  costs  to  furnish  fire  protection.  The  water  com- 
panies have  had  this  matter  forced  upon  their  attention  because 
so  few  of  them  receive  anything  like  an  adequate  return  for  the 
furnishing  of  fire  protection  and  water  for  other  municipal  uses. 
In  nearly  every  case  they  have  been  obliged  to  charge  a  rate  for 
.  domestic  service  which  would  cover  part  of  the  cost  and,  generally, 
a  large  part  of  the  cost  of  furnishing  water  for  fire  protection  and 
other  municipal  purposes  and  to  get  froin  the  municipalities  what 
they  can  for  these  services.  In  both  the  Madison  and  Beloit 
cases,  the  Wisconsin  Commission  decided  that  very  much  less 
than  the  proper  amount  for  furnishing  fire  protection  had  been 
allowed  and  that  when  a  proper  charge  for  those  services  had  been 
made  the  rates  for  domestic  service  should  be  materially  reduced. 

Mr.  Baker.  It  happens  that  only  yesterday  I  was  talking  with 
the  chief  engineer  of  the  Wisconsin  Railroad  Commission,  and 
what  he  had  to  say,  with  what  had  already  come  to  my  attention, 
bears  out  the  statement  of  the  last  speaker  to  the  effect  that 
the  work  of  that  commission  is  well  worthy  of  the  study  of  all 
water-works  men.  The  commission  are  entering  upon  their  work 
with  zeal  and  with  an  unusual  degree  of  wisdom,  and  trying  to 
get  to  the  bottom  of  the  various  problems  which  they  are  called 
upon  to  solve,  and  to  do  it  in  a  way,  as  it  should  of  course  be 
done,  which  will  be  for  the  interest  of  the  people  who  are  being 
served  by  the  public  service  corporations,  and  who  are  being  served 
by  the  municipalities,  for  they  have  control  of  the  municipally 
owned  plants  as  well  as  of  the  privately  owned  plants. 

Mr.  George  A.  King.    Mr.  President,  there  is  one  thing  which 
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'Sir.  Richards  suggested  which,  it  seems  to  me,  is  worthy  of  con- 
siderable thought,  and  it  is  right  along  the  Hne  which  men  are 
emplo^^ng  in  other  work,  —  that  is,  that  a  carefully  thought-out 
plan  in  the  office  is  of  great  value  in  reducing  the  cost  of  work.  I 
think  we  ought  to  give  a  great  deal  more  thought  to  the  matter  of 
designing  work  in  the  office  and  laying  out  our  plans  there,  and  by 
doing  that  we  can  save  mone5^ 

Mr.  Richards.  As  to  the  standard  of  cost,  of  course  the  cost 
of  one  hundred  per  cent,  of  efficiency  must  be  different  in  every 
work,  because  it  will  be  governed  by  different  things,  such  as  the 
remoteness  or  nearness  of  the  source  of  supply,  Avhether  the  water 
is  pumped  or  not,  and  so  on;  and  there  are  so  many  variations 
that  each  individual  plant  must  be  judged  b}^  itself.  The  basis 
of  one  hundred  per  cent,  is  different  in  each  case,  and  hence  the 
cost  per  gallon  must  be  different  in  each  case;  and  the  fallacy  of 
comparing  the  water  rate  in  one  town  with  the  water  rate  in  an- 
other is  apparent,  when  we  come  to  think  of  it. 

I  fully  agree  ^^^th  Mr.  Hawley  in  what  he  said  about  law; 
l)ut,  after  all,  law  is  simply  good  horse  sense,  when  you  come  right 
down  to  it,  and  you  can't  have  efficiency  without  horse  sense. 

I  meant  to  have  referred  to  the  Wisconsin  Commission,  because 
Avhat  extracts  I  have  seen  from  their  decisions  have  been  of  im- 
mense help  to  me,  and  have  put  any  quantity  of  ideas  into  my 
head.  I  don't  know  but  what  the  records  of  the  Wisconsin  Com- 
mission would  come  next  to  the  Journal  of  the  New  England 
AVater  Works  Association  in  value. 

The  President.  I  saw  some  doubt  expressed  in  the  faces  of 
the  members  when  you  stated  your  proposition,  Mr.  Richards, 
that  law  is  nothing  but  horse  sense. 

Mr.  Richards.    Perhaps  I  ought  to  have  said  "  justice." 

The  President.    I  think  that  amendment  will  be  accepted. 

Mr.  Frank  L.  Fuller.  Referring  again  for  a  moment  to  the 
eight-hour  law,  I  wonder  if  anybody  can  tell  by  the  activity  which 
they  display,  when  he  sees  men  at  work,  whether  they  are  working 
eight  hours  a  day  or  whether  they  are  working  nine  hours?  It 
seems  to  me  that  eight  hours  is  a  pr-etty  short  day  for  men  to  work 
in  water-works  construction.  There  are  a  great  many  things  to 
get    read}'    and   plan  out,  and  the  eigiit  hours  is  up  almost,  -^ 
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I  wouldn't  say  before  you  get  started,  but  it  is  a  pretty  short 
day. 

Mr.  Richards.  I  think  I  am  in  favor  of  an  eight-hour  law  for 
the  superintendents,  and' it  occurs  to  me  that  it  might  be  worked 
out  in  this  way:  You  could  have  three  superintendents  and  they 
could  each  go  on  duty  for  four  hours.  That  would  be  very  easy. 
The  salary  would  of  course  remain  the  same. 

Mr.  Martin.  That  is  the  point  I  thought  of  when  Mr.  Car- 
mody  suggested  that  forty-eight  hours  a  week  was  enough.  I 
think  forty-eight  hours  a  week  is  enough  for  the  laboring  man; 
eight  hours  a  day  is  enough  for  the  ordinary  working  day.  But 
when  it  comes  to  the  superintendent,  or  the  man  in  charge,  what 
about  him?  Does  he  work  forty-eight  hours  a  week,  or  does  he 
work  twenty-four  hours  a  day?  I  have  been  employed  in  this  kind 
of  work  for  upwards  of  thirty  years,  and  I  never  yet  have  felt 
that  my  day's  work  was  done  when  I  went  home  at  night.  I 
have  never  felt  like  going  out  of  town  unless  I  could  leave  somebody 
to  look  after  my  work  while  I  was  away.  The  work  of  the  water 
department  is  going  on  day  and  night,  twenty-four  hours  out  of  the 
twenty-four,  and  the  superintendent  has  it  on  his  mind  all  the  time. 
It  is  not  merely  eight  hours  a  day  for  him,  but  he  is  on  duty  the 
whole  twenty-four.  I  think  eight  hours  a  day  is  enough  for  a 
regular  day's  labor,  but  when  it  says  that  a  man  shall  not  be 
allowed  to  work  occasionally  ten  hours  a  day  if  he  wants  to,  and 
make  a  little  more  money  by  it,  I  think  the  law  is  going  beyond  its 
province  in  denying  a  man  that  privilege. 

Mr.  W.  H.  Richards  (by  letter).  Any  increase  in  efficiency  must 
finally  in  the  long  run  result  in  a  saving,  either  a  saving  in  mainte- 
nance, reduction  in  first  cost,  or  a  reduction  in  liability  to  excessive 
cost.  Take,  for  instance,  a  dam;  if  built  of  excessive  strength 
at  excessive  cost,  the  interest  on  that  excessive  cost  must  be  paid 
forever.  On  the  other  hand,  if  weakly  constructed,  to  save  money, 
it  finally,  goes  down,  causing  great  damage  and  great  cost.  It  is 
apparent  that  it  lacks  efficiencj^  in  both  cases.  Again,  if  a  pipe 
system  is  so  constructed  as  to  reduce  the  cost  of  repairs,  per  mile 
below  th6  average,  the  efficiency  of  the  works  is  increased  and 
that  efficiency  is  measured  by  the  reduction  in  the  cost  of  repairs. 

An  elaborate  system  of  locating  mains  and  other  underground 
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fixtures   may   require    a   considerable    expenditure    of  time  and 
thought,  and  will  surely  result  after  a  time  in  the  saving  of  monej-. 
And  so  it  will  be  found  on  careful  analysis  that  efficiency  or 
lack  of  efficiency  can  always  be  reduced  to  dollars  and  cents. 
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A  SHORT    ACCOUNT    OF    SOME    PURIFICATJON    EX- 
PERIMENTS WITH  A  SURFACE  WATER  IN 
QUEENSLAND,   AUSTRALIA. 

BY    HARDOLPH    WASTENEYS,    ROCKEFELLER    INSTITUTE    OF    MEDICAL 
RESEARCH,    NEW    YORK. 

■  [Read  September  14,  1011.] 

The  following  is  a  short  account  of  some,  experiments  conducted 
by  the  writer  on  behalf  of  the  Brisbane  Board  of  Water  Works  in 
order  to  determine  the  best  practical  method  of  purifying  the 
Enoggera  Reservoir,  one  of  that  city's  sources  of  supply. 

These  experiments  were  conducted  over  a  period  of  four  years 
from  1904  to  1908.  Unfortunately,  many  of  the  data  accumulated 
during  this  period  are  not,  at  the  moment  of  writing,  available  to 
the  author,  but  there  are  sufficient  to  cover  the  principal  features 
of  the  experiments. 

The  Enoggera  Reservoir,  which  has  a  capacity  of  about  1  000 
million  gallons,  contains  surface  water  collected  over  a  catchment 
area  of  12.9  square  miles,  which  is  for  the  most  part  fairly  heavily 
timbered  with  eucalyptus,  with  a  large  proportion  of  a  compara- 
tively dense  undergrowth. 

This  area  is  under  the  control  of  the  board,  there  are  no  human 
habitations  permitted  on  the  watershed,  and  it  is  also  patrolled, 
so  that  there  is,  practically  speaking,  no  danger  of  bacterial  con- 
tamination. The  objectionable  quality  of  the  water  is  due  to  the 
presence  of  tastes,  odors,  and  ferrous  iron  in  the  water  reaching 
the  consumer. 

The  quality  of  this  supply  has  l^een  a  source  of  reproach  to  the 
city  almost  ever  since  its  inception  and  the  Board  of  Water  Works 
have  obtained  many  reports  and  have  conducted  many  series  of 
experiments  with  the  object  of  ascertaining  some  practical  method 
of  rendering  it  more  suitable  for  a  town  supply. 

The  following  table  will  serve  to  give  some  idea  of  the  atmos- 
pheric temperature  at  the  reservoir  throughout  an  average  year, 
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the  figures  quoted  being  those  for  the  year  1906,  the  last  year  for 
which  the  writer  has  an  available  record. 

AvEKACiE   Daily    Mean   Shade  Temperatures  at  Filters  in  1906. 
Degrees  Fahrenheit. 

January 77.7 

February 7(3.0 

March 72.7 

April 70.6 

May 63.5 

June '. .  .  .  58.4 

July 54.8 

August 58.4 

September 60.1 

October 67.5 

Xovember 72.0 

December 74.0 

The  exi)eriniental  filters  used  in  the  investigation  under  dis- 
cussion were  situated  close  to  the  reservoir,  so  that  the  above  table 
also  serves  to  indicate  the  conditions  at  the  filter  site. 

The  reservoir  contains  very  heavy  gro^^i;hs  of  fresh-water  plants, 
water  lilies,  Myriophyllum,  Ceratophyllum,  etc.,  and  there  is  a  con- 
siderable accumulation  of  organic  matter  in  the  silt  at  the  bottom. 

There  is  only  one  overturning  of  the  reservoir  contents  during 
the  year,  occurring  about  the  month  of  Ma5^  This  is  due  to  the 
fact  that  the  temperature  of  the  water  is  never  low  enough  to 
reach  the  i)oint  where  water  attains  maximum  density,  which 
phenomenon  in  a  less  mild  climate  is  the  cause  of  a  second  over- 
turning. As  a  consequence,  the  water  is  stagnant  at  depths  below 
19  ft.  for  eleven  months  out  of  the  twelve,  and  these  conditions 
are  very  favorable  to  putrefactive  processes.  Thus,  from  a  depth 
of  20  ft.  downwards,  the  water,  except  during  the  annual  overturn- 
ing, contains  little  to  no  oxygen  and  the  iron  contents  show  a 
corresponding  increase.  At  20  ft.  from  the  bottom,  at  a  place 
where  the  reservoir  had  a  depth  of  60  ft.,  the  data  at  hand  indicate 
iron  in  solution  to  as  nmch  as  50  parts  per  million. 

Th(>.  comparatively  high  and  long-continued  summer  teni])era- 
tures,  the  large  proportion  of  shallows  in  the  reservoir,  the  long 
stagnation  period,  strong  light,  and  high  organic  content  of  the 
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water  are  all  in  favor  of  an  abundant  growth  of  algae,  especially 
the  bluegreens,  with  their  accomi^animent  of  disagreeable  odors 
and  tastes,  and  this  growth  indeed  takes  place.  Clathrocystis 
grows  most  abundantly,  while  Anabsena  and  Oscillaria  are  also 
often  plentiful.  Synedra  sometimes  occurs  in  such  quantity  as  to 
render  the  surface  water  quite  opalescent,  and  Peridinium  is  also 
frequently  present  in  large  numbers.  The  water  has  nearly  always 
a  moderately  offensive  odor,  not  always  so  noticeable  at  the 
reservoir  itself,  but  more  so  at  the  consumer's  end  of  the  pipe. 
The  trouble  is  augmented  by  growths  of  Plumatella,  Cordylophora, 
and  Sponge  in  the  mains. 

Plumatella  grows  very  densely  in  the  pipes  at  the  inlets  to  the 
service  mains,  and  in  the  autumn,  when  it  usually  begins  to  decay, 
it  becomes  detached  from  the  pipes  and  disintegrates,  thus  causing 
much  additional  trouble  in  the  shape  of  a  new  variety  of  offensive 
odors  and  mechanical  obstruction  to  faucets,  meters,  etc. 

The  composition  of  the  reservoir  water  is  given  in  Tal)le  1, 
containing  analytical  results  obtained  during  the  year  1906.  The 
samples  for  analysis  were  collected  during  a  period  of  one  hour  at 
the  inlets  to  the  various  experimental  filters,  the  idea  being  to 
obtain  a  fair  average  sample  of  the  water  applied  to  all  the  filters. 

This  water  was  drawn  through  a  short  length,  about  100  yd.  of 
16-in.  cast-iron  main,  collecting  water  from  a  depth  of  5  ft.  below 
the  surface  of  the  reservoir  at  a  point  about  60  yd.  from  the  bank 
in  the  deepest  portion  of  the  reservoir.  In  this  table,  as  well  as 
in  the  other  tables  of  analyses  to  follow,  the  methods  used  were, 
with  one  or  two  exceptions,  those  recommended  by  the  American 
Committee  on  Standard  Methods  of  Water  Analysis. 

As  already  indicated,  and  as  is  usual  with  waters  of  this  type, 
the  main  object  sought  to  be  attained  by  purification  of  the  water, 
was  the  removal  of  tastes,  odors,  color,  and  iron.  To  this  end 
many  types  of  filters  and  processes  were  tried.  It  would  be 
tedious  and  unprofitable  to  describe  in  detail  all  these  processes, 
and  it  will  suffice  to  survey  briefly  the  results  obtained  by  the  more 
important  ones. 

The  first  experiments  with  whicii  the  writer  was  concerned 
were  with  coagulants  and  rapid  filtration.  Alum  and  lime  were 
the  coagulants  used,  and  the  rate  of  filtration  varied  up  to  130- 
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million  U.  S.  gallons  per  acre  per  day.  The  experiments  were 
arranged  and  supervised  by  the  government  analyst,  Mr.  J.  B. 
Henderson,  who  reported  favorably  on  the  results  obtained. 

Records  as  to  the  removal  of  odors  were,  unfortunately,  not 
made;  to  the  best  recollection  of  the  writer  it  was  not  always 
quite  complete,  though  very  satisfactory  reductions  of  organic 
matter  and  color  were  effected.  The  board,  however,  was  evi- 
dently not  thoroughly  convinced  by  this  report,  probably  owing 
to  the  suspicion  with  which  the  use  of  coagulants  is,  or  was,  re- 
garded by  British  communities,  and  a  further  series  of  experi- 
ments was  inaugurated,  for  the  supervision  of  which  the  writer  was 
employed  by  them. 

The  following  were  the  principal  methods  of  purification  experi- 
mented with:  A  filter  called  by  us  the  "  Morry  "  filter,  after  its 
designer,  Mr.  C.  A.  Morry,  an  official  of  the  Department  of  Pubhc 
Works  in  Brisbane;  a  combination  of  sand  filtration  and  the 
Morry  filter;  ordinary  slow  continuous  sand  filtration;  the 
Anderson  revolving  purifier  process;  aeration  and  filtration  of 
the  bottom  water  from  the  reservoir;  and  slow  intermittent  sand 
filtration. 

Several  varieties  of  Morry  filters  were  tested.  The  main  prin- 
ciple of  this  filter  is  that  of  the  Ducat  bed  for  sewage  treatment. 
The  following  description  of  a  typical  Morry  filter  will  suffice  to 
show  the  general  arrangement.  Other  forms  varied  from  this  in 
the  size  of  filtering  material,  and  in  some  of  them  sand  and  even 
small  coal  were  used. 

The  filter  is  constructed  with  walls  of  dry  stonework  within  a 
timber  frame  on  a  square  plan,  and  has  an  internal  diameter  of 
9  ft.  4  in.  at  the  bottom  and  8  ft.  2  in.  at  the  top. 

The  walls  rest  upon  a  concrete  bed  cUshed  towards  the  sides, 
which  forms  the  bottom  of  the  filter  and  serves  to  conduct  the 
effluent  into  a  concrete  channel  which  constitutes  the  discharge. 

The  filtering  material  consists  of  6  ft.  6  in.  in  depth  of  screened 
gravel,  a  rough  mechanical  analysis  of  which  gives: 

100  per  cent,  finer  than  8.5  millimeters. 
51    „        „         „        „     6.0 
23    ,,        ,,         ,,        ,,     4.U  ,. 
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Water  is  fed  on  to  the  filter  bed  through  an  intermitter  of  20 
gal.  capacity,  from  which  it  is  discharged  automatically  by  means 
of  a  siphon,  at  intervals,  into  the  hopper  of  a  revolving  sprinkler 
which  distributes  it  evenly  over  the  bed,  through  which  it  slowly 
percolates.  Provision  is  also  made  for  side  aeration,  in  addition  to 
that  derived  from  the  loose  stone  walls,  by  means  of  four  lines  of 
loosely  jointed  unglazed  earthenware  pipes  placed  within  the 
filtering  material  and  traversing  the  bed  from  wall  to  wall.  During 
the  time  this  filter  was  at  work,  over  six  years,  nothing  was  done 
to  the  filtering  material  except  to  rake  the  surface  at  long  intervals 
in  order  to  bring  it  to  a  level. 

The  color  reduction  effected  by  this  filter  (Table  2)  was  not  good 
and  odors  occasionally  appeared  in  the  effluent.  It  is  evident  that 
the  material  of  which  the  bed  is  composed  was  too  coarse  to  permit 
of  efficient  filtration,  but  it  was  thought  that  a  filter  of  this  type 
might  give  good  results  if  used  as  a  roughing  filter  .in  conjunction 
with  an  ordinary  continuous  sand  filter.  This  was  duly  tested. 
Very  excellent  results  were  obtained  with  the  combination.  It  was 
found  that  odors  and  tastes  were  effectually  removed  when  working 

TABLE  3. 

Average  Composition  of  Effluents  from  and  Percentage  Reduction 
effected  by  morry"  filter  no.  3a,  used  as  a  "  roughing  filter." 


Fifty-Seven  Determinations  made  during  the  Period 
3d  Oct.  to  31st  March,  1907.  Average  Rate  of  Fil- 
tration, 8.44  Million  U.  S.  Gal.  per  Acre  per  Day. 


Parts  per 
Million. 


Per  Cent. 
Reduction. 


Four  Determinations  made 
during  the  period  ist  to 
24th  April,  1907.  Average 
Rate  of  Filtration,  17.8 
Million  U.  S.  Gal.  per 
Acre  per  Day. 


Parts  per 
Million. 


Per  Cent. 
Reduction. 


Free  ammonia 

Albuminoid  ammonia.  .  .  .  . 
Oxygen  consumed  in  15  min 
Oxygen  consumed  in  4  hr. .  . 

Iron  (total) 

Dissolved  oxygen 

Turbidity 

Color  (platinum  scale)  * 


.01 
.20 
1.7 
3.0 

.23 
8.2 
slight 
25 


65 
30 
18 
21 
38 


39 


.01 

.20 
1.2 
2.4 

.27 

slight  trace 
15 


73 
25 
15 
17 
35 


42 


*  The  figures  for  color  were  obtained  by  computation  from  Lovibond  tintometer  "  units ' 
estimated  in  the  Lovibond  tintometer. 
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at  a  c-uiiibined  rate  of  6.0  niilliou  U.  S.  gallons  per  acre  jDer  twenty- 
four  hours.  The  Morry  filter  used  was  similar  in  design  to 
that  already  described,  l)ut  the  bed  of  the  filter  was  only  3  ft. 
deep.  The  sand  filter  used  contained  3  ft.  of  Brisbane  River 
sand,  having  an  effective  size  of  0.28  mm.  and  a  uniformity  co- 
efficient of  1.96. 

Tables  3  and  4  give  the  results  obtained  over  an  extended  ])('ii()(l. 

Sixty-one  observations  of  odor  in  the  cold  made  during  the 
above  jjeriod  gave  the  following: 

Nil 14 

Slight  trace 12 

Trace 7 

Slight 19 

Distinct 9 

TABLE  4. 

Average  Composition  of  Effluents  from  and  Percentage  Reduction 

effected  by  the  combination  of  morry  filter  no.  3a  and  a 

Sand  Filter. 


Thirty-Eight  Determinations  DURING  the  Period  March, 
1906,  TO  March,  1907.  Average  Rate  of  Filtration  for 
THE  Combination,  2.93  jNIillion  U.S.  Gal.  per  Acre  per 
Day. 

Four   Determinations  made 
DURING  the  Period  1st  to 
24th  April,  1907.    Average 
R.YTE  of  Filtration  for  the 
Combination,  6.0   Million 
U.  S.  Gal.    per    Acre    per 
Day. 

Parts  per 
Million. 

Per  Cent. 
Reduction. 

Parts  per 
Million. 

Per  Cent. 
Reduction. 

Free  ainnionia 

Albuminoid  ammonia 

Oxygen  consumed  in  15  inin. 
Oxygen  consumed  in  4  hr.   . 
Iron  (total) 

.01 

.12 
1.3 
2.3 

.12 
7.6 

nil 
13.0 

nil 

69 
54 
31 
34 
68 

54 

.01 
.11 

1.0 

2.0 
.11 

nil 

9.0 

nil 

76 
56 
27 
33 
73 

Dissolved  oxygen 

Turbidity 

Color  (platinum scale)*.  .  .  . 
Odor 

70 

♦The  figures  for  color  were  obtained  by  computation  from  Lovibond  tintometer  "units 
estimated  in  the  Lovibond  tintometer. 


Several  sand  filters  of  ihv.  oidinary  slow  continuous  forms  wcro 
tested.  These,  while  giving  very  good  and  fairly  uniform  results, 
showed  some  slightly  objectionable  features  and  did  not  compare 
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favorably  in  their  efficiency  as  regards  removal  of  odors  and 
tastes,  with  the  combination  of  gravel  bed  and  sand  filter  just 
mentioned,  nor  with  the  intermittent  filter  to  be  described 
later. 

During  the  warmer  months  of  the  year,  on  account  of  the  in- 
creased biological  activity  occasioned  by  higher  temperatures,  it 
was  found  that  the  oxygen  dissolved  in  the  water  applied  to  the 
sand  filters  was  often  nearly  and  sometimes  quite  exhausted  in 
passage  through  the  sand  bed.  With  the  object  of  improving  this 
condition  aerators  were  fixed  at- the  inlets  to  the  sand  filters.  These 
aerators  effected  an  almost  complete  saturation  of  the  applied 
water  in  which  the  oxygen  content  was  increased  from  about 
75  per  cent,  to  98  per  cent,  of  the  possible  amount. 

Notwithstanding  this,  the  oxygen  still  continued  to  be  almost 
entirely  exhausted  in  passage  through  the  filters,  though  a  slight 
increase  in  the  oxygen  content  of  the  effluents  did  actually  take 
place  after  installation  of  aerators  at  the  inlets. 

It  seemed  at  first  glance  that  this  was  unimportant  as  the  aera- 
tion of  purified  water  is  a  simple  matter,  but  the  writer  was  im- 
pressed with  the  fact  that,  as  the  using  up  of  the  oxygen  indicates 
a  corresponding  oxidation  of  organic  matter,  which  was  the  main 
object  of  our  process,  the  fact  that  all  oxygen  was  used  up  tended 
to  show  that  greater  oxidation  might  possibly  be  effected  if  more 
oxygen  could  be  supplied  to  the  bacteria  doing  the  work.  In  the 
case  of  the  Morry  filters  this  was  supplied  by  the  method  of 
application  and  the  construction  of  the  filter,  and  the  eflfluents 
were  never  found  lacking  in  dissolved  oxygen;  but  these  filters 
failed  in  other  respects.  These  considerations  led  to  the  trial  of 
intermittent  sand  beds. 

It  may  be  of  interest  to  mention  briefly  the  results  of  experi- 
ments with  the  Anderson  Revolving  Purifier  Process  which  is 
successfully  used  for  waters  of  this  type  in  some  British  colonies. 
It  is  unnecessary  to  describe  the  process,  which  is  well  known  and 
consists  essentially  in  the  solution  of  iron  by  the  water,  effected 
by  passing  it  through  a  revolving  drum  which  showers  scrap  iron 
continuously  across  the  current,  and  the  subsequent  oxidation  and 
precipitation  of  the  iron.  The  ferric  hydrate  formed  acts  as  a 
coagulant  and  the  water  is  subsequently  filtered.     It  was  found 
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that  under  practicable  conditions  the  process  gave  no  results  com- 
parable with  sand  filtration  per  se,  but  that,  when  the  iron  dis- 
solved in  the. purifier  amounted  to  as  much  as  80  parts  per  million, 
the  effluent  produced  by  the  filter  working  at  a  rate  of  over  6 
million  U.  S.  gallons  per  acre  per  day  was  of  very  exceptional 
quality,  a  removal  of  about  80  per  cent,  of  organic  matter  ex- 
pressed as  albuminoid  ammonia  and  oxygen  consumed  and  about 
90  per  cent,  of  color  being  effected.  This  is  a  far  better  result  than 
was  obtained  l)y  any  other  process,  but  the  method  is,  of  course, 
quite  impracticable  on  account  of  cost. 

In  January,  1907,  it  w^as  suggested  by  Mr.  Allen  Hazen  that 
aeration  and  filtration  of  the  bottom  water  from  the  reservoir 
might  give  good  results,  and  experiments  in  this  connection  were 
immediately  undertaken.  The  bottom  w^ater  for  the  greater 
portion  of  the  year  is,  as  a  result  of  stagnation,  very  much  more 
highly  colored  and  contains  much  more  organic  matter  and  iron 
than  the  surface  w^ater.  It  was  thought  that,  on  account  of  the 
large  amount  of  iron  and  the  condition  of  the  organic  constituents, . 
which  is  one  of  partial  putrefaction,  that  the  water  after  aeration 
and  sedimentation  would  be  readily  amenable  to  the  ordinary 
methods  of  filtration,  and  also  that  filtration,  if  combined  with 
sedimentation,  could  be  safely  carried  out  at  a  far  greater  rate  than 
usual  on  account  of  the  presence  of  ferric  hydrate  in  suspension, 
which  would  act  as  a  coagulant  much  in  the  same  manner  as  it 
does  in  the  Anderson  process  just  mentioned.  It  was  found  that, 
\\'ith  liberal  aeration  and  forty-eight  hours'  settlement  previous  to 
filtration,  it  was  possible  sometimes  to  get  a  very  satisfactory 
filtrate  and  at  a  rate  of  6  million  U.  S.  gallons  per  acre  per  day, 
but  the  results  were  subject  to  considerable  fluctuation  and,  usu- 
ally, the  filtrate  contained  considerable  color  and  iron.  It  was 
found  most  difficult  to  secure  a  complete  precipitation  of  iron 
hydrate,  which  was  possibly  suspended  in  a  colloidal  condition. 
The  writer  is  by  no  means  convinced,  however,  that,  in  the  light  of 
recent  scientific  research  on  the  subject  of  the  precipitation  of 
colloids,  this  ingenious  method  of  utilizing  the  coagulant  provided 
l)y  nature  could  not  be  successfully  carried  out. 

One  other  process  tried  remains  to  be  mentioned,  namely,  slow 
intermittent  filtration  through  sand.     The  considerations  which 
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led  to  the  trial  of  this  process  have  already  been  mentioned  under 
the  head  of  "  continuous  filters." 

The  principle  is  essentially  the  same  as  that  used  in  the  Morry 
gravel  filters,  the  main  differences  being  in  the  size  of  the  filtering 
material  used  and  in  the  mechanical  details  connected  with  the 
distribution  of  water  over  the  filter  bed. 

It  was  expected  that  the  additional  oxygen  supplied  for  the 
oxidation  processes  by  the  intermittent  application  of  water  to  the 
sand  bed  would  result  in  an  increased  oxidation  of  the  dissolved 
organic  matter  with  a  more  complete  removal  of  iron,  tastes,  and 
odors.  The  results  inchcate  that,  through  this  method  of  operation, 
an  increased  amount  of  ox^'gen  is  undoubtedly  supplied  to  the 
water  in  the  sand  bed,  as  the  effluents  always  contained  a  con- 
siderable quantity.  An  increased  oxidation  of  organic  matter  also 
takes  place,  though  this  is  indeed  quite  slight. 

The  most  satisfactory  improvement  is  in  the  matter  of  removal 
of  odors;  this  was  most  complete,  as  only  on  very  rare  occasions, 
■  even  on  warming,  could  the  faintest  odor  be  detected  in  the 
effluent  from  these  filters,  while  it  Avas  always  most  palatable,  the 
objectionable  tastes  of  the  reservoir  water  having  been  entirely 
removed. 

The  following  are  particulars  of  the  construction  of  this  filter, 
quoted  from  a  report  made  by  the  writer  to  the  board: 

The  tank  containing  the  filter  is  made  of  18-gauge  corrugated 
galvanized  iron,  is  9  ft.  10  in.  in  diameter  and  10  ft.  deep,  and  has 
an  effective  area  of  75.97  sq.  ft.  The  underdrains  consist  of  a 
brick  arch  composed  of  bricks  loosely  laid  with  very  wide  joints, 
extending  across  the  middle  of  the  tank  to  the  outlet.  This  arch 
is  covered  with  l|-in.  gravel  which  is  1^  in.  deep  at  the  sides  of  the 
tank  away  from  the  arch  and  rises  in  the  center  to  just  cover  the 
bricks.  Over  this  is  placed  3  in.  of  f-in.  gravel,  then  2  in.  of  j-in. 
gravel,  2  in.  of  |-in.  gravel,  and  2  in.  of  coarse  sand  (effective  size 
4  mm.).  The  finished  layer  presents  the  same  sloping  appearance 
as  the  first  gravel  layer. 

The  filtering  medium  is  composed  of  3  ft.  of  sand  obtained  from 
the  Enoggera  Creek,  having  an  effective  size  of  0.27  mm.,  60  per 
cent,  finer  than  0.69  mm.  and  a  uniformity  coefficient  of  2.5. 

The  water  is  led  on  to  the  filter  through  an  iron  pipe  and  falls 
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into  an  iron  trough  placed  2  in.  above  the  surface  of  the  sand. 
The  trough  is  12  in.  wide  and  rests  on  baffle  plates  extending  0  in. 
on  each  side  to  effect  an  even  distribution  of  the  water.  The  exit 
is  through  a  horizontal  pipe  level  with  the  bottom  of  the  tank. 

The  filter  was  started  on  the  21st  of  June,  1906,  with  a  rest 
interval  of  four  hours  in  twenty-four;  between  that  date  and  the 
7th  of  January,  1907,  when  the  method  of  application  Avas  altered, 
raking  to  remove  surface  choking  was  necessary  seven  times.  The 
average  quantity  per  acre  filtered  between  rakings  was  70  million 
U.  S.  gallons  and  the  rate  of  filtration  averaged  2.8  million  gallons 
per  acre  per  day.  From  the  12th  January  until  the  loth  Febru- 
ary, water  was  applied  at  intervals  of  one  and  ono-lialf  hours,  6  in. 
being  delivered  in  three  minutes  at  the  commencement  of  each 
interval;  this  caused  the  filter  to  choke  verj"  rapidly.  On  the 
16th  February  the  interval  of  rest  was  increased  to  eight  hours  in 
twenty-four,  and  on  the  19th  Feburary  the  rate  was  increased  to  6 
million  U.  S.  gallons  per  acre  per  twenty-four  hours.  The  filter 
required  raking  on  the  25th  February  and  the  12th  and  22d  March; 
in  July  of  the  same  year  the  records  at  hand  show  that  the  filter 
had  been  given  no  further  raking  and  showed  no  signs  of  further 
choking.     The  results  are  shown  in  Table  5. 

TABLE  5. 
Average  Composition  of  Effluents  from  and  Percentage  Redvction 

EFFECTED    BY    THE    INTERMITTENT    SaND    FiLTER. 


Average  of  Thirty-Two  Determinations  during  the 
Period  21st  June  to  19th  February,  1907.  Rate  of 
Filtration,  2.8  Million  ,Gal.  per  Acre  per  Day. 


Parts  per 
Million. 


Per  Cent. 
Reduction. 


Average  of  Six  Determina- 
tions during  the  Period 
20th  February,  1907,  to 
24th  April,  1907.  Rate  of 
Filtration,  0.0  Million 
Gal.  per  Acre  per  Day. 


Parts  per 
Million. 


Per  Cent. 
Reduction. 


Free  ammonia 

Albuminoid  ammonia 

Oxygen  consumed  in  1.5  min. 
Oxygen  consumed  in  4  hr. .  . 

Iron  (total) 

Dissolved  oxygen 

Turbidity 

Color  (platinum  scale) 

Odor 


.01 

.13 
1.2 
2. .3 

.14 
7.3 

nil 
11.7 

nil 


70 
51 

28 
33 
63 


.01 

.12 
1.1 
2.0 

.12 

7.8 
nil 

7.3 
nil 


61 
49 

24 
33 
02 


03 


434       A  SHORT  ACCOUNT  OF  SOME  PURIFICATION  EXPERIMENTS. 

A  filter  designed  and  operated  in  a  somewhat  similar  manner 
and  for  a  similar  water  was,  I  understand,  in  successful  operation 
for  some  time  at  Springfield,  Mass.,  and  has  been  described  by 
C.  F.  Story  in  the  proceedings  of  this  Association.* 

In  January,  1907,  Mr.  Allen  Hazen  visited  Brisbane  on  behalf  of 
the  Brisbane  Board  of  Water  Works.  In  his  report,  which  of 
course  dealt  with  the  whole  question  of  the  Brisbane  water 
supply,  he  recommended,  for  the  treatment  of  the  Enoggera 
Reservoir  water,  the  construction  of  a  filter  working  intermittently, 
similar  in  design  to  the  Ludlow  filter  at  Springfield.  Latest  files 
of  the  Brisbane  papers  describe  this  filter  as  practically  completed. 

The  work  which  has  been  described  in  this  short  resume  was 
performed  almost  entirely  under  the  supervision  of  Mr.  John 
Kemp,  the  board's  chief  engineer,  to  whom  the  writer  is  indebted 
for  much  advice. 

The  writer  would  also  like  to  seize  this  opportunity  of  expressing 
his  gratitude  for  the  ever-ready  and  helpful  advice  given  him  in 
correspondence  with  Mr.  Allen  Hazen  and  his  partner,  Mr.  G.  C. 
Whipple,  throughout  the  whole  period  over  which  these  experi- 
ments were  carried  out. 


DISCUSSION. 

Mr.  Robert  S.  Weston.!  This  Brisbane  supply  is  an  exag- 
gerated Ludlow  reservoir,  and  evidently  required  extreme  treat- 
ment. There  is  so  much  organic  matter  and  dissolved  iron  in  the 
water  that  it  becomes  almost  a  sewage  disposal  problem  rather 
than  one  of  water  purification.  The  problem  has  been  solved  here 
by  giving  the  water  an  unusual  dose  of  oxygen.  I  wondered,  in 
reading  over  the  paper,  if  Mr.  Wasteneys  had  tried  the  distribu- 
tion of  the  water  on  a  sand  filter  continuously,  by  means  of  sprink- 
lers, instead  of  using  a  period  of  application  followed  by  a  period 
of  rest?  This  method,  as  all  know,  has  proven  most  efficient 
for  sewage  disposal.  One  w^ould  think  it  might  be  worth  wdiile 
trying  for  the  purification  of  a  water  containing  as  much  organic 
matter  and  iron  as  does  this  Brisbane  water. 

♦Journal  N.  E.  W.  W.  A.,  Vol.  XXIII,  p.  229. 

t  Sanitary  Engineer,  Boston,  Mass. 
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I  think  the  Association  is  very  much  indebted  to  ]\Ir.  Wasteneys 
for  this  very  important  contril)ution  to  our  knowledge  of  the 
purification  of  Avaters  which  in  our  tropical  country  and  in  the 
southern  states  are  coming  more  and  more  frequently  into  use. 
I  remember  an  experience  of  my  ovai  in  comiection  with  the  water 
supply  of  Henderson,  X.  C,  which  formed  the  subject  of  a  paper,* 
read  before  this  Association,  at  the  meeting  in  Portsmouth  in  1898, 
where  I  found  huge  groAvths  of  Bryozoa  which  obstructed  the 
pipes  and  grew  on  the  woodwork  around  the  intake,  and  aggra- 
vated any  nuisance  due  to  the  presence  of  algse. 

The  President.  While  waters  of  this  type  are  more  common 
in  the  South,  we  do  have  w^aters  of  this  general  character  quite  far 
North,  although  perhaps  not  as  aggravated  as  in  the  South. 

I\Ir.  Elbert  E.  Lgchridge.I  Taking  up  one  point  that  Mr. 
Weston  brought  up,  the  question  of  whether  aeration  on  to  a  bed 
wth  a  continuous  filter  would  not  accomplish  the  same  result  as 
an  intermittent  filter,  I  would  like  to  say  that  in  the  experiments 
which  we  carried  on  at  Ludlow  we  found  that  it  was  possible  to 
get  by  aeration  on  to  the  beds  on  continuous  filters  a  fairly  good 
water,  but  that  this  was  entirely  a  function  of  the  rate.  That  is, 
if  the  rate  was  low  enough  to  give  a  clear,  low-colored  water,  with 
low  organic  content,  the  oxygen  was  entirel}^  exhausted  in  the 
effluent,  and  accordingly  we  had  that  secondary  odor  which  is  very 
much  more  objectionable  than  the  primary;  while  if  the  rate  was 
higher,  we  could  still  get  a  fairly  clear  water,  but  not  as  effective 
as  in  the  case  of  the  lower  rate  and  the  higher  resulting  odor. 
While  it  was  found  that  the  water  could  be  purified  in  that  way, 
it  was  decided  when  the  time  came  for  the  construction  of  the  big 
plant  that  the  adcUtional  oxygen,  which  could  be  secured  by  the 
intermittent  action,  was  worth  while. 

On  the  question  of  the  Ludlow  water,  I  will  state  some  of  the 
later  experiences  in  connection  with  this  system,  and  a  few  thoughts 
on  the  whole  question  of  growths  in  reservoirs.  Up  to  the  time  of 
the  construction  of  the  filter  at  Ludlow,  the  water  was  uniformly 
bad  nearly  every  year.  Since  that  time  it  has  reformed.  I  don't 
know  just  the  cause,  but  the  larger  growths,  such  as  weeds,  sprouts, 

♦Journal  N.  E.  W.  W.  A..  Vol.  XIII,  p.  20. 

t  Chief  Engineer,  Springfield  Water  Department. 
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aiid  even  trees,  in  the  shallow  water,  have  been  cleaned  up,  the 
reservoir  has  been  raised  in  the  last  year  or  two,  and  it  has  been 
kejDt  somewhat  fuller,  so  that  this  year  there  has  not  been  a  thing 
about  that  water  which  could  be  objected  to.  There  is  even 
another  town  now  clamoring  for  the  use  of  it,  specifying  that  they 
want  it,  and  the  town  of  Ludlow  has  been  using  it  without  any 
objection  at  all  through  this  entire  summer.  Of  course  we  cannot 
guarantee  it  for  years  to  come,  but  it  shows  that  even  with  a  very 
hot  summer  it  may  be  possible  in  some  of  these  reservoirs,  by 
deepening  them  or  changing  the  conditions  in  some  way,  to  avoid 
the  troubles  which  have  heretofore  been  experienced. 

As  to  filtration  and  later  aeration,  there  is  no  question  that  the 
aeration  which  follows  the  filtration  is  of  a  great  help  in  improving 
the  water,  particularly  in  the  reduction  of  what  we  have  always 
termed  the  secondar}^  odors,  which  are  entirely  distinct  from  the 
odors  of  the  organism  itself,  and  which  seem  to  be  caused  by  some 
by-products  in  the  oxidization  of  the  organic  matter. 

The  President.  As  I  saw  these  various  processes  in  use 
experimentally  at  Enoggera,  there  were  several  of  them  which, 
if  they  had  been  operated  by  themselves,  effected  so  great  an  im- 
provement in  the  water  that  any  one  would  have  thought  the 
processes  remarkably  successful,  but  the  process  involving  inter- 
mittent filtration,  either  as  last  carried  out  or  with  the  Morry 
filter,  which  was  simply  an  intermittent  filtration  followed  by  sand 
filtration,  always  produced  an  effluent  which  was  so  much  more 
attractive  in  appearance  and  taste  and  odor  than  the  effluents  of 
the  other  processes,  that,  seeing  them  all  there  side  by  side,  there 
was  no  hesitation  in  selecting  it  as  the  one  best  adapted  to  the 
existing  conditions.  I  think  that  explanation  is  a  very  proper 
one.  The  other  processes  did  improve  the  water  tremendously, 
and  if  considered  by  themselves  might  have  been  thought  very 
creditable  and  possibly  sufficient.  This  is  a  type  of  water  which 
has  been  little  studied  in  the  past,  and  I  feel  that  it  is  a  type  that 
we  shall  have  to  study  a  great  deal  more  in  the  future. 

Mr.  Francis  T.  Kemble.  Mr.  President,  can  you  tell  me  with 
regard  to  the  deterioration  of  water  after  being  filtered,  as  com- 
pared with  the  way  water  keeps  in  its  natural  condition? 

The  President.     I  will  answer  in  regard  to  Brisbane,  and  what 
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I  say  applies  in  general  to  other  cases,  according  to  circumstances 
and  variations.  It  is  absolutely  imiDossible  to  store  filtered  water 
in  the  climate  of  Brisbane  in  an  open  reservoir  without  having  it 
go  to  pieces  and  destroy  the  effect  of  the  filtration.  The  onl}'  way 
is  to  have  covered  reservoirs  for  filtered  water. 

This  is  largely  true  here  also,  but  there  are  places  in  the  North 
where  the  summer  temperatures  are  low,  and  where  the  water  is 
used  so  rapidly  that  covered  reservoirs  are  not  needed.  Mr.  Cook 
has  a  case  over  in  Paterson  where  open  reservoirs  have  been  used 
without  any  serious  trouble,  at  least  from  organic  growths. 

Mr.  George  C.  Whipple*  (by  letter).  Mr.  Wasteneys'  paper 
is  a  valuable  addition  to  the  literature  of  water  filtration  experi- 
ments. It  is  all  the  more  valuable  to  us  because  the  methods  of 
analysis  used  have  been  those  of  the  American  Public  Health 
Association.  It  is  gratifying  to  those  who  spent  so  much  time  in 
preparing  these  methods  to  find  that  they  have  been  of  service 
in  other  countries  as  well  as  in  the  United  States.  It  is  interesting, 
also,  to  find  that  the  waters  of  Australia  are  troubled  ^v^th  the 
same  pests  that  are  so  common  in  surface  water  supplies  in  this 
country.  In  this  respect,  as  in  many  other  things,  AustraUa  is 
more  closely  allied  to  the  United  States  than  it  is  to  Old  England. 

Most  of  the  studies  of  algae  have  been  made  thus  far  in  com- 
paratively cold  climates  Avliere  the  changes  between  summer 
and  winter  are  of  consideral^le  magnitude.  Here  is  an  instance, 
however,  where  the  conditions  of  temperature,  light,  etc.,  are 
more  constant  and  severe  throughout  the  year,  and  it  is  not 
surprising,  therefore,  that  the  algie  growths  should  be  greater 
than  those  Avith  which  we  are  familiar.  It  would  have  been 
interesting  if  the  author  had  included  in  his  pai)er  some  detailed 
results  of  his  microscopical  examinations. 

The  author  speaks  of  transforming  the  color  determinations 
obtained  by  the  Lovibond  tintometer  to  the  ])la1inuin  slandard 
by  means  of  a  simple  computation.  It  would  be  convenient  if 
this  method  of  computation  were  stated,  as  it  might  be  useful 
to  others  in  comparing  data  obtained  by  the  use  of  this  instrument. 
In  looking  over  the  table  of  analyses  of  the  Enoggera  Reservoir 
(Table  \)  it  is  noted  that  the  color  of  the  water  from  January 

*  Consulting  Engineer,  New  York. 
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to  July  was  alwaj-s  above  40,  but  that  from  August  to  December 
the  colors  ranged  from  22  to  32.  Inasmuch  as  this  change  in  color 
corresponds  with  the  change  in  the  use  of  the  tintometer,  the 
question  arises  as  to  whether  the  former  was  due  to  an  actual 
change  in  the  character  of  the  water  or  to  differences  in  the  method 
of  measurement  used. 

The  construction  of  the  Enoggera  filter  is  of  interest  for  another 
reason,  namely,  that  it  is  designed  solely  for  the  purpose  of  ob- 
taining a  supply  of  clean  water.  Here  is  a  case  where  the  water 
supply  is  taken  from  a  practically  uninhabited  watershed  and  yet 
filtration  is  deemed  necessary.  This  is  in  line  with  modern  prog- 
ress. American  engineers  are  learning  that  in  spite  of  the  stripping 
of  the  soil  from  reservoir  sites,  the  drainage  of  swamps,  the  use 
of  copper  sulphate,  etc.,  the  algae  problem  still  remains  with  us. 
We  are  coming  to  believe  that  it  is  better,  and  in  the  end  cheaper, 
all  things  considered,  to  solve  this  problern  by  the  filtration  of 
the  water  rather  than  to  resort  to  any  of  the  halfway  measures, 
useful  though  they  may  be  as  temporary  expedients.  In  designing- 
water  filters  for  this  service  the  great  thing  to  be  always  remem- 
bered is  that  plenty  of  oxygen  must  be  provided.  Aeration  is 
destined  to  play  an  important  part  in  water  purification  where 
the  problem  of  algse  removal  is  involved. 

Mr.  Hardolph  Wasteneys  {hij  letter).  With  reference  to  the 
point  raised  by  Mr.  Weston  as  to  application  by  continuous  sprink- 
ling as  in  sewage  treatment  I  would  like  to  point  out  that  this,  in 
effect,  was  tried  at  Enoggera  with  the  slow  sand  filters,  where 
aerators,  as  mentioned  in  the  paper,  were  placed  at  the  inlets  to 
the  filters  and  complete  saturation  of  the  applied  water  was  ob- 
tained. There  was  the  difference,  however,  that  the  sand  surface 
was  kept  submerged.  Our  results  were  similar,  under  these 
circumstances,  to  those  mentioned  by  Mr.  Lochridge  as  having 
been  obtained  at  Ludlow.  We  did  not,  however,  try  continuous 
sprinkling  on  to  the  exposed  sand  surface. 

In  reply  to  Mr.  Whipple's  remarks  I  regret  that  I  have  not  at 
hand  any  records  of  biological  analyses  of  the  Enoggera  water 
made  during  the  period  under  review.  As  regards  the  method  of 
computation  employed  to  convert  the  units  of  the  Lovibond 
tintometer  to  parts  per  million  on  the  platinum  scale :    The  method 
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used  was  to  niiilti]ih'  the  number  of  units  of  yellow  on  the  Lovibond 
scale  by  9.  This  gives  a  figure'  which  approximates  very  closely 
to  observed  values  on  the  platinum  scale  as  indicated  by  a  large 
number  of  parallel  observations,  though  when  the  colors  are  very 
high,  i.  e.,  over  60  on  the  platinum  scale,  the  comparison  is  less 
accurate.  The  high  color  observed  for  the  month  of  May,  19()(), 
is  due  to  the  annual  overturning  of  the  reservoir  contents  which 
takes  place  usually  during  that  month.  I  must  confess  that  the 
sudden  drop  in  the  color  figures  during  the  period  August  to- 
DecemVier,  coincident  with  the  use  of  another  method  of  determina- 
tion, looks  significant.  It  was,  however,  undoubtedly  due  to  the 
change  in  color  of  the  water,  as,  even  after  the  institution  of  plati- 
nmn  cobalt  standards,  the  use  of  the  Lovibond  standards  was 
continued  and  the  figures  show  a  corresponding  decrease  in  yellow 
units. 

During  the  months  May,  1904,  to  January,  190.5,  estimations- of 
color  were  made  in  the  standard  color  tubes  with  glasses  graded  to 
indicate  parts  per  million  of  ]:)latinum  according  to  the  United 
States  Geological  Survey  method.  The  folloAving  figures  then 
obtained  may  be  interesting  to  compare  with  the  figures  quoted  in 
my  paper  for  the  same  months  of  1906.  It  will  be  seen  that  they 
are  (with  the  exceptions  of  ]\Iay  and  January)  almost  identical. 

Monthly  Averages  of  Weekly  Determinations  of  Color. 

Color, 
Month.  Platinum  Scale. 

l'J04. 

May " 50 

June o2 

July      41 

August      37 

September 32 

October 32 

November 21 

December 21 

lOOo. 

Januarv 20 
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HAS  THE  TIME  COME  FOR  DOUBLE  MUNICIPAL  WATER 
SUPPLIES,  ONE  —  NATURALLY  PURE  —  FOR  DRINK- 
ING AND  COOKING,  THE  OTHER— DENATURIZED  OR 
STERILIZED  —  FOR  ALL  OTHER  PURPOSES? 

BY   W.    T.    SEDGWICK   AND    H.    P.    LETTON. 

(From  the  Sanitary  Research  Laboratories  of  the  Department  of  Biology  and  Public  Health, 
Massachusetts  Institute  of  Technology,  Boston.) 

[Read  November  8,  1911.] 

It  has  often  been  proposed  that  two  water  suppUes  be  provided 
for  cities,  one  to  furnish  water  of  the  highest  quahty  for  drinking 
and  cooking,  and  another  for  all  other  purposes.  The  advantages  of 
this  plan  were  recognized  as  far  back  as  the  time  of  the  Romans. 
Frontinus,^  writing  in  a.d.  97  concerning  the  water  suppl}^  of  the 
citj^  of  Rome,  states  that  the  water  from  one  aqueduct  was  used 
exclusively  for  drinking  and  cooking  purposes,  that  from  another 
aqueduct  for  baths,  and  that  from  others  only  for  irrigation.  In 
modern  times  the  question  has  also  been  seriouslj^  considered, 
Brackett  ^  having  made  a  report  to  the  Metropolitan  Water  Board 
in  1895  on  a  separate  supply  for  the  city  of  Boston.  The  subject 
has  also  been  discussed  in  a  more  general  way  by  Axtell,^  McElroy,'* 
and  others. 

Our  large  cities  with  but  few  exceptions  obtain  their  water 
supply  from  rivers,  lakes,  or  large  artificial  storage  reservoirs. 
These  sources  are  in  some  cases  grossly  polluted,  and  many  that 
are  not  polluted  at  present  are  in  constant  danger  of  becoming  so, 
notwithstanding  the  fact  that  elaborate  precautions  are  taken  to 
guard  against  contamination.  In  case  the  present  supply  is 
polluted,  the  city  will  generally  be  compelled,  sooner  or  later,  to  go 
to  the  expense  of  constructing  a  filtration  system  or  of  obtaining  a 
new  supply  from  a  more  distant,  non-polluted  source.  Cities 
having  as  a  source  of  supply  lakes  or  artificial  reservoirs  must 
maintain  a  constant  and  efficient  oversight  of  the  watershed  in 
order  to  guard  against  pollution.  Moreover,  no  matter  how  com- 
plete and  efficient  the  system  of  filtration  or  the  supervision  of  the 
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watershed,  these  provisions  are  not  always  infalHble  as  safeguards. 
This  is  shown  by  the  tj'phoid  fever  epidemics  at  Lawrence,  Mass., 
and  elsewhere,  due  to  trouble  with  the  filters,  and  those  at  New 
Haven,  Conn. ;  Scranton,  Pa. ;  Plj-mouth,  Pa. ;  and  many  other 
places,  due  to  pollution  of  the  watersheds  feecUng  the  storage 
reservoirs. 

We  are  at  present  in  a  peculiar  position  —  namely,  when  most 
of  the  water  supplied  to  our  modern  communities  is  not  used  either 
for  drinking  or  for  cooking,  and  yet,  since  any  of  it  may  at  any 
time  be  used  for  these  purposes,  all  of  the  huge  streams  that  pour 
through  our  cities  are  expected  to  be,  from  the  sanitary  standpoint, 
above  suspicion.  Thus  far  we  have  got  on  fairly  well  under  this 
arrangement,  but  the  time  will  probably  come  when  the  amounts 
so  required  Avill  become  so  vast,  and  so  costly  to  keep  up  to  the  re- 
quired purity,  that  we  shall  be  driven  to  double  supplies,  one  for 
drinking  and  cooking,  the  other  for  all  other  purposes. 

Even  if  it  be  granted,  however,  that  Avith  proper  precautions  the 
danger  to  the  public  health  from  ordinary  water  supplies  is  small, 
the  question  still  deserves  to  be  considered  whether  from  a  senti- 
mental or  esthetic  standpoint  the  time  has  not  come  for  double 
municipal  supphes. 

For  it  is  an  open  secret  that  many  persons  dwelling  in  cities  pro- 
vided with  filtered  water  supplies  derived  from  polluted  sources 
cheerfully  purchase  spring  or  other  waters  which  thej'  believe  to 
be  naturally  pure  rather  than  drink  the  purified  waters  which  are 
known  to  come  from  sewage-laden  sources.  It  must  be  admitted, 
moreover,  that  it  is  by  no  means  agreeable  to  dwell  in  detail  upon 
the  proximate  sources  of  some  of  our  most  reputable  water  supplies, 
derived  as  these  often  are  more  or  less  directly  from  streams  laden 
with  human  excrements  or  with  street  washings,  the  drainage  of 
slaughter  houses,  of  hospitals,  and  the  like.  Some  years  ago  we 
were  grateful  for  even  a  moderate  degree  of  cleanness,  but  our 
standards  in  these  matters  are  constantly  rising,  and  decency  is 
everywhere  more  and  more  being  added  to  health  as  a  considera- 
tion of  importance  in  public  affairs.  Again,  many  filtered  waters 
are  at  times  colored  or  turbid,  or  have  a  disagreealjle  taste  or  odor, 
due  to  the  presence  of  organic  matter  not  removed  by  the  filters, 
although  the  bacterial  efficiency  of  the  latter  may  be  high.    Water 
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obtained  from  impounding  reservoirs  is  also  often  colored,  and  of  a 
marked  taste  or  odor,  due  to  the  growth  of  microscopic  organisms. 
The  New  York  and  the  Boston  supplies  are  examples  of  this  type. 
In  order  to  prevent  such  growths  the  reservoir  is  sometimes  during 
construction,  at  great  expense,  completely  stripped  of  the  top 
layer  of  soil ;  and  even  then  the  result  may  be  only  partially  success- 
ful. Again,  a  water  from  a  surface  supply  is  frequently  quite 
warm  during  the  summer  months  and  correspondingly  less  potal:)le 
than  a  ground  water  with  a  fairly  constant  temperature  all  the 
year  round. 

The  average  daily  per  capita  consumption  of  water  in  cities  of 
the  United  States,  with  a  population  of  100  000  or  more,  is  about 
115  gallons,  and  of  this  amount  Brackett  ^  has  shown  that  not  over 
35  gallons  are  used  for  domestic  purposes,  while  the  amount 
actually  used  for  drinking  and  culinary  purposes  is  less  than  3 
gallons.  If,  however,  we  allow  10  gallons  per  capita  per 
day  and  consider  the  fact  that  this  would  only  be  1  000  000 
gallons  per  day  for  a  city  of  100  000  population,  we  see  at 
once  that  it  would  be  possible  in  practically  every  •  case  to 
obtain  a  sufficient  supply  of  ground  water  that  would  be  purer 
and. more  potable  than  most  surface  waters,  even  if  these  last 
are  filtered. 

We  are  in  the  midst  of  a  mighty  sanitary  awakening,  and  are 
spending  millions  of  dollars  every  year  in  protecting  and  purifying 
our  water  supplies,  yet  of  all  the  water  distributed  probably  less 
than  three  per  cent,  actually  concerns  the  pubhc  health.  With  this 
fact  in  mind  it  is  evident  that  we  seem  to  be  following  an  un- 
economical course,  and  that  any  plan  for  betterment  should  be 
thoroughly  investigated. 

Heretofore,  whenever  the  question  of  a  double  supply  has  been 
proposed,  the  one  insurmountable  objection  has  been  that  it  would 
be  impossible  to  prevent  people  from  drinking  from  the  second  and 
impure  supply.  This  was  clearly  shown  at  Lawrence,  Mass.,  in 
1893.  The  city  used  a  filtered  supply  from  the  Merrimac  River, 
while  in  some  of  the  mills  the  raw  river  water  which  was  badly 
polluted  with  sewage  was  used  for  washing.  During  the  year  there 
were  nine  deaths  from  typhoid  fever  of  mill  operatives  who  had 
drunk  the  river  water  notwithstanding  the  fact  that  they  had  been 
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fully  warned  of  the  danger,  while  the  total  number  of  deaths  from 
typhoid  in  the  entire  city  was  only  seventeen. 

In  order  to  make  the  double  system  practicable  it  is  necessary 
(1)  to  so  regulate  the  use  of  the  smaller  supply  that  it  shall  not  be 
wasted,  and  (2)  to  so  treat  the  larger  supply  that  it  shall  not  under 
any  circumstances  be  used  for  drinking. 

The  first  condition  could  be  attained  by  making  the  cost  of  the 
water  such  that  its  value  would  be  appreciated,  and  by  metering 
all  services.  It  is  the  second  condition,  or  that  of  denaturizing  or 
sterilizing  the  supply,  so  to  speak,  that  is  the  main  object  of  con- 
sideration in  the  present  paper. 

In  recent  years  there  has  come  into  general  use  an  agent  which 
it  is  beHeved  will  be  a  satisfactory  denaturizer,  both  from  a  sanitary 
and  an  economic  standpoint.  This  substance  is  calcium  hypo- 
chlorite [Ca  (001)2],  which  is  being  extensively  employed  as  a 
sterilizer  for  water  and  sewage.  Its  especial  fitness  for  the  case 
under  discussion  lies  in  the  fact  that  if  put  into  a  water  in  such 
ciuantity  that  it  is  not  all  decomposed,  it  imparts  to  the  water  an 
odor  and  a  taste  that  are  very  disagreeable.  With  a  water  thus 
treated  its  use  for  drinking  would  be  very  rare,  and  even  if  it  were  so 
used  no  harmful  results  would  follow,  as  the  water  would  be  practi- 
cally sterile  and  as  a  little  undecomposed  h>T)ocliloritc  is  probably 
not  detrimental  to  health.  Brackett  has  shown  ^  that  about  ninety 
per  cent,  of  the  water  used  for  domestic  purposes  is  employed  in 
flushing  water-closets,  in  wash  tubs,  in  bath  tubs,  and  in  sinks  and 
bowls.  The  addition  of  the  hypochlorite  would  not  affect  the  use 
of  the  water  for  any  of  the  above  purposes  if  we  except  the  small 
amount  used  for  drinking  and  cooking.  From  the  same  authority 
it  appears  that  of  the  water  used  for  commercial  purposes  the 
larger  portion  is  employed  in  steam  railroads,  factories,  elevators, 
power  plants,  and  office  buildings.  The  In^pochlorite  would  affect 
the  use  of  the  water  in  very  few,  if  any,  of  the  above  cases.  It  is 
also  quite  evident  that  it  would  not  affect  the  public  use  of  the 
water  for  such  purposes  as  street  sprinkling,  ornamental  fountains, 
sewer  flushing,  and  fires,  but  would  instead  be  a  benefit  on  account 
of  its  disinfecting  action. 

From  a  consideration  of  all  the  above  facts,  it  appears  that  as  a 
sanitary  measure  the  ])lan  is  highly  commendable.    To  determine 
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whether  it  is  economically  practicable  is  a  much  harder  problem, 
as  this  will  be  established  largely  by  local  conditions.  It  would,  of 
course,  be  necessary  to  install  a  separate  distribution  system,  and, 
although  this  would  be  of  much  smaller  piping  than  the  present 
one,  it  would  still  be  the  large  item  of  expense.  Separate  services 
and  meters  would  also  be  required,  which  would  be  another  large 
item.  These,  however,  are  points  which  would  have  to  be  con- 
sidered as  special  problems  in  each  individual  case. 

The  object  of  this  paper  is  merely  to  present  the  plan  as  it 
stands  to-day  to  water-works  officials,  engineers,  and  sanitarians, 
in  the  belief  that  it  is  a  new  aspect  of  an  old  problem,  and  one  that 
can  be,  and  will  be,  profitably  applied  in  some  cases  in  the  near 
future. 
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DISCUSSION. 

Mr.  Charles  W.  Sherman.  The  paper  certainly  presents  a 
very  interesting  possibility,  and  there  can  be  no  question  from  an 
engineering  point  of  view  that  it  would  be  practicable.  The  only 
question,  as  it  occurs  to  me,  is  the  economic  one,  which  the 
authors  have  already  called  attention  to.  It  would  unquestion- 
ably mean  an  expensive  water  supply  to  furnish  a  double  supply 
in  this  way.  It  is  perfectly  conceivable  that  there  may  be  cases 
where  that  expense  would  be  warranted. 

The  President.  Will  Mr.  Weston  say  something  as  to  the 
probable  effect  of  an  excess  of  chlorine  on  the  pipes  and  other 
water- works  fixtures? 

Mr.  Robert  S.  Weston.  Mr.  President,  I  was  just  about  to 
ask  the  author  of  the  paper  that  question.  I  wondered  if  that 
would  not  be  an  objection.  I  should  think  the  addition  of  chlorine 
would  make  the  water  more  corrosive  than  it  was  before;  whether 
it  would  be  appreciably  more  so  or  not,  I  could  not  say. 

Mr.  Arthur  N.  French.     You  may  be  interested  to  know  that 
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we  are  using  chloride  of  lime  (alx)ut  six  pounds  per  million  gal- 
lons) at  Hyde  Park.  I  do  not  know  that  there  is  any  other  place 
in  Massachusetts  that  is  doing  it.  We  have  been  using  it  for 
about  a  year,  and  I  cannot  see  that  there  is  any  effect  upon  the 
water  that  is  disagreeable.  People  drink  it  and  do  not  make  any 
objection  to  it.  Our  water  is  well  water,  and  it  is  fairly  clear  and 
does  not  carry  very  much  sediment.  We  began  to  use  it  because 
we  had  a  typhoid-fever  scare  last  year,  there  were  several  deaths, 
and  we  started  the  use  of  it  as  a  matter  of  safety.  The  State 
Board  of  Health  have  knowledge  of  it,  and  have  been  out  to  in- 
vestigate it,  but  they  have  neither  approved  nor  disapproved.  I 
cannot  see  that  it  corrodes  the  pipes  any  more  than  the  plain 
water  did.  It  corrodes  the  implements  that  we  use  in  mixing  up 
the  solution  very  badly.  Wooden  pails  will  last  only  a  very  short 
time,  and  galvanized  iron  is  eaten  out  fairly  quick.  Our  plant  is 
only  a  temporary  one,  for  we  expect  to  take  the  Metropolitan 
water  now  in  a  short  time,  so  that  we  have  not  put  in  an^-thing 
permanent. 

The  President.  If  you  will  try  using  sixteen  pounds  for  a  day 
or  two  instead  of  six,  you  may  get  some  new  light  on  the  smell 
question. 

Mr.  French.     Of  course  that  would  make  a  difference. 

Prof.  E.  B.  Phelps.  Mr.  Sherman's  remarks  as  to  the  expcn- 
siveness  of  this  plan  seem  to  me  not  to  be  of  general  application. 
One  can  easily  conceive  a  situation  in  which  a  town  is  face  to  face 
with  the  proposition  of  going  quite  a  distance  and  at  considerable 
expense  for  a  new  supply  of  sufficient  magnitude  and  proper  quality 
for  all  purposes.  Now  if  there  be  near  at  hand  a  supply  of  ample 
magnitude,  although  of  inferior  quality,  it  might  not  be  necessary 
to  go  so  far  afield  for  the  small  pure  supply,  and  it  seems  to  me  in 
such  a  case  this  plan  might  easily  work  out  a  real  economy. 

In  regard  to  the  question  of 'corrosive  action,  I  can  state  that  I 
have  had  under  my  personal  observation  three  installations  in 
which  water  is  pumped  which  has  been  previously  treated  with 
hypochlorite.  I  have  had  special  notice  taken  of  the  interiors  of 
the  pumps  from  time  to  time  and  there  has  been  thus  far  not  the 
slightest  sign  of  any  injurious  action.  One  of  these  plants  has  been 
in  operation  for  about  ten  months  and  the  water  is  receiving 
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hypochlorite  in  the  proportion  of  al)out  7^  lb.  per  milUon  gallons, 
and  the  others  have  been  in  operation  for  eleven  months  and 
two  years  respectively,  the  hypochlorite  averaging  about  8  lb. 
and  running  as  high  as  12  on  occasions.  Furthermore,  in  none  of 
these  cases,  nor  of  several  others  which  I  have  had  under  my  im- 
mediate observation  for  some  time,  have  there  been  anj'  unusual 
complaints  from  or  indications  of  corrosion  in  the  pipes.  A  careful 
study  of  the  chemical  principles  involved  has  led  me  to  believe 
that  the  action  of  this  extremely  dilute  and  shghtly  alkaline  solu- 
tion is  protective  rather  than  otherwise,  a  conclusion  which  I 
think  is  amply  justified  in  the  results.  In  a  concentrated  form  in 
which  the  solution  itself  is  handled  it  is  quite  true  that  the  slight 
protection  due  to  the  alkahnity  is  more  than  offset  by  the  corrosive 
properties  of  the  free  hypochlorous  acid  liberated. 

Mr.  Randolph  Bainbridge.  I  might  say  that  in  the  city  of 
Quincy  at  the  present  time  the  Fore  River  Shipbuilding  Company 
uses  about  half  a  million  gallons  of  water  a  day,  and  having 
found  it  expensive  to  buy  Metropolitan  water,  has  a  double 
supply  with  a  reservoir  of  its  own.  All  fixtures  connected 
therewith  are  labeled  ''  Industrial  Water."  As  far  as  I  can 
find  out  from  observation,  from  what  my  men  tell  me,  and  from 
what  the  men  at  the  plant  say,  tiiere  is  absolutely  no  trouble 
whatever  with  anybody  using  the  wrong  water. 

In  this  connection  I  might  say  that  this  water  is  not  treated 
in  any  way  whatever.  It  is  simpl^^  that  the  water  from  the 
reservoir,  which  is,  as  has  been  described,  street  water,  and 
water  from  fields  and  barnyards,  and  so  on,  is  used  solel}'-  for 
industrial  purposes,  the  Metropolitan  supply  is  considered  good 
enough  for  anybody  to  drink.  Last  winter  the  company  wanted 
to  enlarge  the  plant  to  about  a  million  gallons  a  day,  and  use  the 
old  Quincy  reservoir,  "and  in  fact  entered  into  a  contract  with 
the  city  to  do  so.  We  found,  after  we  had  made  a  contract,  that 
the  state  would  want  the  city  to  pay  them  three  times  what  we 
could  get  from  the  company.  In  other  words,  we  have  a  reservoir 
that  is  good  for  a  million  or  a  million  and  a  half  a  day,  and  which 
would  answer  the  veiy  purpose  we  have  been  speaking  of,  a 
secondary  supplj-,  but  we  have  to  pay  the  state  for  the  privilege 
of  using  it  al^out  twice  what  we  can  get  for  the  water. 
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But  there  is  no  question  Avhatever  but  what  this  thing  is  coming. 
The  farmer,  the  granite  man,  and  the  manufacturer  at  the  present 
time  do  not  get  a  square^  show  at  the  water.  What  j^ou  have  to 
charge  in  any  water-works  system,  whether  20  cents  or  15  cents  or 
10  cents  a  thousand  gallons,  is  practically  robbing  the  manu- 
facturer, and  I  do  not  suppose  that  this  shows  up  in  any  other  city 
plainer  than  it  does  in  Quincy.  Lots  of  our  people  use  well  water 
for  boilers,  but  that  makes  work  for  the  boiler  men.  As  has  been 
said,  about  5  gal.  a  day  of  pure  water  is  enough  for  practically  all 
that  a  secondary  supply  would  be  needed  for,  and  large  local 
supplies  would  thus  be  available  for  industrial  purposes. 

Mr.  Frank  C.  Kimball.  That  the  time  is  coming  when  some 
conservation  of  potable  water  will  have  to  be  made,  I  think  is 
beyond  question.  Whether  a  double  supply  can  be  put  in  at  an 
expense  wliich  will  pay  from  the  present  standpoint  of  proper 
charges  for  water  is  a  question.  If,  as  Mr.  Bainbridge  has  sug- 
gested, a  charge  of  ten  cents  a  thousand  gallons  is  too  high  for 
water  for  such  uses  as  he  mentions  I  doubt  if  the  time  will  come  very 
soon  when  even  industrial  water  can  be  treated  in  such  manner 
that  it  cannot  be  used  for  domestic  purposes,  and  at  the  same  time 
not  so  radically  treated  that  it  will  not  be  offensive  for  other 
purposes,  at  much  less  price  than  that,  separate  distribution  and 
pumping  also  being  considered.  I  am  speaking  now,  of  course, 
of  municipal  supplies  as  a  whole.  This  is  a  subject,  however,  that 
I  think  it  is  very  pertinent  for  an  association  like  this  to  consider, 
and  sooner  or  later  the  problem  of  a  double  supply  of  water  will 
have  to  be  worked  out  for  some  communities,  although  it  will 
probably  be  a  long  time  before  it  is  necessary  for  the  majority 
of  them  to  take  up  this  question. 

Mr.  John  H.  Cook.  Mr.  President,  this  matter  is,  like  the 
tariff,  a  local  question.  There  may  be  times  when  it  will  pay, 
and  there  will  be  other  times  when  it  will  not  pay.  It  seems 
to  me  every  situation  would  have  to  be  judged  by  itself.  So  far  as 
treating  the  water  successfully  without  making  it  offensive  goes, 
I  think  that  it  generally  can  be  done  without  trouble.  We  have 
treated  some  40  million  gallons  a  day  for  the  people  of  Jersey  City,  as 
is  doubtless  well  knoAvai  to  many  gentlemen  here,  for  some  time,  and 
without  any  comiilaints  whatever  from  the  j)eople  who  have  used 
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the  water.  The  treatment  is  extremely  inexpensive,  and  I  should 
suppose  that  with  most  waters  it  would  be  perfectly  satisfactory, 
except  to  a  man  who  knew  it  and  did  not  like  the  idea  of  it.  My 
idea  is  that  it  will  be  a  long  time  before  a  double  supply  is  generally 
introduced  in  our  communities.  We  have  a  great  many  mills  that 
are  supplied,  or  were  supplied  formerly,  with  two  separate  systems, 
one  system  for  toilet  purposes  and  another  for  drinking,  but  that 
was  never  a  very  successful  proposition.  The  employees  insisted 
on  drinking  the  wrong  water,  although  the  taps  were  all  labeled 
with  brass  tags  which  said,  "  Do  not  drink  this  water,"  or,  "  This 
water  for  drinking  purposes."  The  help  would  drink  indifferently 
and  we  did  not  find  it  at  all  successful. 

Mr.  Sherman.  Mr.  Phelps's  question  suggests  that  possibly 
I  might  amplify  my  previous  remarks  a  little,  with  regard  to  the 
expense  of  the  proposition,  and  bring  out  more  clearly  the  point 
which  I  especially  had  in  mind.  I  do  not  doubt  that  the"  dis- 
tribution system  and  the  supply  works  could  be  put  in  in  many 
cases  at  a  cost  which  might  be  feasible;  but  when  it  came  to  a 
duplication  of  the  plumbing,  I  think  the  householder  would  feel 
it  very  seriously,  unless  it  was  in  the  comparatively  rare  case 
where  he  is  willing  to  pay  twenty  dollars  or  thirty  dollars  a  year  for 
spring  water  in  addition  to  the  ordinary  house  supply.  In  cases 
like  that  he  might  be  willing  to  stand  the  double  plumbing 
expense. 

The  President.  I  think  the  double  plumbing  is  a  very  im- 
portant question.  I  would  like  to  know  what  the  plumbing  in  a 
city  costs  as  compared  with  the  water  supply.  It  is  my  impression 
that  in  Boston  the  plumbing  costs  more  than  the  Metropolitan 
Water  Works.     Does  anybody  know  about  that? 

Mr.  George  A.  Caldw^ell.  The  cost  of  the  plumbing  for  a 
separate  supply  for  drinking  purposes  only  would  not  be  a  serious 
matter.  For  an  ordinary  "twelve-room  house  with,  say,  four 
outlets  for  drinking  water  only,  the  cost  of  the  extra  piping,  using 
brass  pipe,  not  including  the  meter  or  the  service  from  the  main 
to  the  house,  would  not  exceed  $50,  including  all  labor  and  ma- 
terial for  the  work.  In  many  cases  the  cost  would  not  exceed 
$25,  and  I  believe  the  average  cost  based  on  a  twelve-room  house 
with  four  outlets  would  be  about  $35. 
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Mr.  John  C.  Chase,  It  strikes  me  that  the  instaUing  of  two 
separate  sources  of  supply  in  an  ordinarj^  community  would  be 
a  very  serious  proposition  to  consider.  I  can  see  only  one  way  in 
which  it  would  be  practicable,  and  that  is  that  the  residence  por- 
tion should  be  supplied  with  pure  Avater,  and  the  business  and 
manufacturing  sections  with  the  second  quality  for  commercial 
purposes  so  arranged  that  none  of  it  could  be  used  for  drinking 
purposes.  Moreover,  the  ordinary  dwelling  house  Avould  not  use 
such  a  great  amount  that  it  would  be  necessary  to  supply  it  with 
a  secondary  supply;  and  in  the  manufacturing  sections,  I  think  it 
would  not  be  a  very  difficult  matter  to  arrange  for  the  use  of  a 
water  that  is  not  up  to  the  required  standard  for  domestic  uses, 
segregating  it  to  such  an  extent  that  there  would  be  no  danger  of 
using  it  for  drinking  purposes. 

I  have  in  mind  a  case  in  Haverhill,  Mass.,  where  typhoid  fever 
appeared  in  one  of  the  factories  a  few  years  ago,  and,  if  I  remember 
right,  it  was  found  that  the  help  instead  of  using  the  city  water 
were  drinking  from  a  nearby  faucet  which  was  supplied  with 
impure  river  water.  I  think  it  would  be  utterly  impracticable 
to  put  two  kinds  of  water  into  a  place  where  there  is  a  chance  of 
the  undesirable  one  being  used.  My  experience  with  the  average 
workman  is  that  he  will  take  what  is  handiest. 

The  President.  I  remember  that  this  system  was  used  some 
years  ago,  though  perhaps  not  fully,  at  Augusta,  Me.,  when  the 
main  supply  at  that  time  was  taken  from  the  Kennebec  River, 
and  a  spring-water  supplj'  was  piped  throughout  the  citj'  and  into 
nearly  all  residences,  and  was  sold  separately.  This  was  known  as 
the  "  Devine  Spring  Water."  I  Avas  much  interested  in  that  when 
I  first  heard  of  it,  but  I  found  that  the  name  came  simply  from  a 
Frenchman  on  whose  farm  the  spring  was  located.  Afterward 
Augusta  secured  a  new  supply  of  excellent  quality  and  the 
Devine  spring  fell  into  disrepute. 

Professor  Sedgwick.  Mr.  President  and  friends,  —  I  want 
to  begin  by  saying  how  gUul  I  am  to  be  here  again  and  to  see  the 
faces  of  so  many  old  friends,  and  of  those  who  woukl,  I  am  sure, 
be  new  friends  if  I  were  fortunate  enough  to  be  able  to  attend  more 
of  your  meetings.  It  has  l)een  a  real  regret  to  me^that  for  the  last 
few  years  I  have  been  able  to  be  present  so  seldom.     I^ut  I  am  sure 
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since  I  see  so  many  of  the  old  officers  are  still  on  deck,  and  so  many 
of  the  old  members  still  present,  that  the  Association  lives  up  to 
its  old  traditions.  And  it  was  with  that  feeling  that  Mr.  Letton 
and  I  brought  this  paper  here  to-day. 

In  a  discussion  before  one  of  our  classes,  last  year,  concerning 
the  use  of  calcium  h;yT30chlorite  for  the  treatment  of  water,  a  use 
to  which  this  material  is  already  being  put  for  one  purpose  and 
another,  Mr.  Letton  used  the  happy  term  denaturizing  the  water; 
whereupon  I  asked  him  to  work  up  this  subject  of  a  double  supply 
and  bring  it  up  to  date.  I  remembered  Mr.  Brackett's  old  paper, 
and  I  have  long  been  impressed,  as,  of  course,  everybody  has,  with 
the  fact  that  while  most  of  the  water  that  we  have  in  our  cities  is 
not  used  for  drinking  or  cooking,  all  of  it  has  to  be  fit  to  drink  or 
for  cooking,  —  a  condition  which  is  certainly  anomalous,  and  which 
in  certain  cases  and  under  certain  conditions  leads  us  to  inquire 
whether  we  cannot  do  something  about  it. 

There  is  another  side  of  the  subject  which  appeals  to  me  very 
much  as  a  sanitarian,  and  has  long  done  so,  and  that  is  this:  What 
I  call  the  sentimental  objection  to  a  water  which  is  hardly  more 
than  filtered  dilute  sewage.  Now,  I  would  not  for  a  moment  go 
back  on  filtration;  let  that  be  distinctly  understood.  The  in- 
troduction of  filtration  has  been  one  of  the  greatest  blessings  that 
ever  befell  the  community  or  the  water-works  profession.  At  the 
same  time,  there  is  no  doubt  that  it  is  not  a  pleasant  thing  to  sit 
down  and  reflect,  if  one  must  do  so,  that  the  particular  drinking 
water  which  comes  to  his  table,  or  into  his  kitchen,  and  is  used  for 
cooking  and  drinking,  is  separated  from  dilute  sewage,  in  which 
you  can  see  fecal  matters,  by  a  little  layer  of  sand  only  a  few  feet 
thick.  The  origin  of  drinking  water  is  important,  and  that  is 
recognized  by  all  filtration  men.  The  purer  the  raw  water,  the 
higher  the  grade  of  it,  the  better.  There  are  communities,  and 
I  could  name  some  of  them,  where  the  water  supply  is  hardly 
more,  from  one  point  of  view  and  stating  it  in  its  worst  way,  than 
filtered  dilute  sewage.  And  it  is  a  great  comfort  to  be  able  to 
know  that  we  can  filter  a  highly  sewage-polluted  stream  in  such  a 
way  as  to  make  it  powerless  to  injure  the  public  health.  At  the 
same  time,  it  is  not  always  a  pleasant  thing  to  stop  and  think  of 
what  went  into  the  water  just  before  it  was  filtered,  or  what  was  in 
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it  at  the  time.  There  are  communities  that  Avould  gladly  pay  a 
good  deal  if  thej-  could  get  a  pure  upland  ^vater  rather  than  have 
filtered  water  derived  from  a  source  of  the  sort  to  which  they  must 
now  go. 

With  those  thoughts  in  mind,  and  recognizing,  as  I  must  as  a 
sanitarian,  the  fact  that  our  standards  are  constantly  rising,  and 
that  decency  is  everA-Avhere  to-day  being  linked  up  with  hygiene 
and  sanitation,  original  cleanliness  getting  an  increased  value  all 
the  time,  it  seemed  to  me  worth  while  for  Mr.  Letton  to  work  out 
this  matter,  and  I  took  up  the  subject  afterwards  with  him  with 
a  good  deal  of  interest. 

Now,  to  begin  with,  when  we  have  two  kinds  of  public  water 
supply,  one  of  which  is  good  and  one  of  which  is  bad,  there  is 
absolutel}'  no  insurance  against  the  use  of  the  bad  supply'  by  care- 
less people.  That  idea  has  been  emphasized  sufficiently  already, 
and  it  is  a  well-known  fact  that  there  are  plenty  of  people  in  a 
communitj'  who,  if  a  water  looks  fairly  well  and  tastes  fairly  well, 
will  drink  it  even  if  there  is  a  sign  right  over  the  tap  from  which 
they  draw  it  sa>ing  that  the  water  is  not  fit  to  drink  I  remember 
seeing  that  illustrated  in  Lowell  and  in  La^\Tence,  and  I  remember 
seeing  it  in  Italy,  where  they  had  the  same  sign  {aqua  non  potahile) 
over  some  of  their  waters  that  are  not  supposed  to  be  used  for 
drinking.  Of  course  you  may  say  that  that  is  of  no  consequence 
except  to  the  man  who  disobeys  the  rule ;  but  it  is  of  great  conse- 
quence to  the  community,  because  every  case  of  typhoid  fever  or 
other  infectious  disease  arising  in  a  community,  even  in  a  person  of 
no  particular  consequence  jier  se,  is  of  great  importance,  or  may  be 
of  great  importance,  to  the  community.  Every  such  case  is  a 
nest  or  a  focus  of  disease  from  which  disease  may  spread.  If,  for 
example,  it  is  a  careless  workman  who  comes  down  himself  with 
typhoid  fever,  you  may  say,  "  Well,  he  is  simply  paying  the 
penalty  for  his  carelessness."  But  if  that  man  has  tjqjhoid  fever 
in  his  home,  and  his  sister,  or  his  sister's  daughter,  or  his  own  daugh- 
ter, happens  to  be  a  servant  in  your  kitchen  or  mine,  or  in  your 
nursery,  and  brings  the  germs  of  the  disease  to  \'our  house  or  to 
mine,  it  then  becomes  a  matter  of  serious  importance  to  the  whole 
community.  "  We  are  all  members  one  of  another  "  nowadays 
even  more  than  in  ancient  days,  and  getting  more  and  more  so  as 
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population  thickens.  So  that,  even  in  the  case  supposed,  it  is 
not  merely  the  penalty  the  man  pays  who  drinks  the  wrong  water; 
it  may  be  the  penalty  which  the  community  pays  for  having  the 
bad  water  accessible  for  drinking. 

This  has  been  and  always  will  be  the  objection  to  two  supplies, 
one  good  and  one  bad  and  infected  with  the  germs  of  disease. 
But  this  plan  of  denaturizing  the  water  removes  that  objection. 
The  proposition  is  simply  to  treat  the  inferior  water  in  such  a  way 
that  if  it  should  be  used  for  drinking,  for  which  it  is  not  expected 
to  be  used,  no  harm  will  result,  unless  it  be  a  bad  taste  in  the  mouth, 
possibly,  if  the  denaturization  is  strong  enough  for  that.  At  any 
rate,  the  water  by  the  denaturizing  agent  used  will  itself  be  made 
practically  sterile.  And  in  that  connection  I  may  say  that  it  is 
not  necessary  to  so  overload  the  water  with  the  hypochlorite  that 
it  shall  have  a  bad  odor  or  taste,  although  on  some  accounts  it 
would  be  well  to  do  that.  It  is  sufficient  if  enough  be  added  to 
sterihze  the  water,  and  that  can  be  done  judiciously,  as  has  been 
shown  in  many  communities,  without  producing  a  bad  taste  or 
smell.  It  is  not,  then,  a  question  between  a  bad  smelling  aiid 
bad  tasting  water  and  a  good  water;  it  is  a  question  between  two 
kinds  of  safe  water,  one  derived  from  sources  naturally  pure  and 
above  objection  on  the  score  of  sewage  origin;  the  other,  not 
standing  in  that  category,  but  coming  from  objectionable  sources. 

The  whole  object  of  the  paper,  however,  is  merely  to  emphasize 
the  fact  that  we  now  have  in  our  possession  a  material  by  which 
we  can,  if  we  want  to,  denaturize  any  water,  and  more  than  once 
this  method  has  been  used  in  emergencies.  When,  for  example, 
a  typhoid  fever  epidemic  has  broken  out,  as  in  Torrington,  Conn., 
lately,  and  it  was  necessary  to  do  something  immediately  to  the 
water,  a  quick  disinfecting  plant  with  this  same  hypochlorite  was 
introduced,  as  has  been  done  in  several  similar  instances,  and  the 
water  going  to  everybody  has  been  denaturized  for  a  time.  In 
the  state  of  Kansas  I  noticed  the  other  day,  in  the  report  of  the 
State  Board  of  Health,  they  keep,  so  to  speak,  a  "  wrecking  train  " 
ready;  that  is  to  say,  they  keep  an  emergency  hypochlorite  plant 
on  wheels  ready  to  run  off  to  any  town  in  the  state  that  has  a  ty- 
phoid-fever epidemic  due  to  the  pollution  of  its  water  supply.  That 
would  be  a  good  plan  in  any  state  where  the  water  supplies  are 
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seriously  open  to  suspicion.  It  is,  in  fact,  clone  in  more  places,  I 
fancy,  than  is  common!}'  reported.  The  wise  State  Board  of 
Health  \\dll  everywhere  have  in  its  engineering  department,  if  it 
suspects  the  likelihood  of  any  such  need,  some  such  plant  always 
ready  for  energencies.  This,  as  I  have  said,  was  the  main  point, 
to  bring  the  matter  up  here  for  discussion. 

On  the  economical  side,  we  realize,  of  course,  that  cities  that  are 
already  provided  with  good  water  supplies  would  never  think  of 
embarking  on  this  scheme;  neither  would  those  cities  which  can 
get  abundant  water  think  of  doing  an3i:hing  of  the  kind.  It 
will  only  be  in  some  special,  peculiar  situations,  where  water  from 
a  good  source  cannot  be  obtained  in  sufficient  quantity',  except  at 
an  almost  prohibitive  expense,  or  where  for  some  local  or  peculiar 
reasons  it  may  be  desirable  to  have  two  systems  of  supply.  But 
it  seemed  to  me,  and  I  think  the  discussion  has  justified  the  befief, 
that  an  Association  like  this,  that  is  always  anxious  to  know  what- 
ever good  is  going  on,  and  whatever  is  possible  under  new  or  trying 
conditions,  might  take  this  up  and  discuss  it  with  advantage;  and 
I  am  sure  that  both  Mr.  Letton  and  I  are  well  satisfied  with  the 
discussion  that  has  taken  place.  It  has  brought  out  exactly  the 
objections  which  might  have  been  anticipated,  and  a  rather  sur- 
prising amount  of  concurrence  with  our  general  contention,  which 
is  simply  this:  That  we  have  here  a  new  agent,  useful  under  certain 
circumstances,  the  whole  thing  being,  as  Mr.  Letton  said,  simply 
a  new  aspect  of  an  old  problem. 
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SOME  NOTES  ON  TROPICAL  WATER   SUPPLY  AND  A 
STUDY  OF  FILTRATION  AT  PANAMA. 

BY   HERMAN    K.    HIGGINS. 

[Read  November  8,  1911.] 

One  may  find  in  the  history  of  a  frontier  community  a  condensed 
compendium  of  the  history  of  the  race,  the  swiftness  of  which  is 
perhaps  well  exemplified  by  the  moving  pictures  we  sometimes  see, 
showing  us,  in  a  fraction  of  the  time  really  consumed,  such  a 
scene  as  a  vessel  traveling  in  a  lock,  bobbing  back  and  forth  with 
no  apparent  reason,  the  men  on  the  bank  running  and  jumping 
with  expressions  of  entire  leisure.  The  view  so  presented  is  likely 
to  seem  in  the  retrospect  more  amusing  than  historical. 

The  history  of  Panama  water  supply,  of  which  general  subject 
filtration  is  one  of  the  lesser  phases,  certainly  seems  from  this 
distance  amusing  enough,  but  was,  in  the  enacting,  fraught  vnth. 
trials  and  tribulations.  A  short  historical  sketch  from  the  stand- 
point of  an  interested  spectator  and  innocent  participant  may 
serve  to  introduce  the  subject. 

It  was  in  the  gray  November, 
Well  the  morn  do  I  remember  ; 
Dark  and  angry  clouds  hung  lowering. 
And  the  tropic  rain  came  pouring, 
As  it  oft  had  poured  before, 

might  from  several  standpoints  be  considered  a  fit  setting  for  the 
picture.    Mackintosh  and  umbrella  were  checked  a  mile  away. 

The  writer  sought  for  a  cooling  drink ;  he  did  not  like  to  patron- 
ize a  saloon,  but  he  finally  found  that  it  was  the  only  place  in  which 
anything  to  drink  could  be  had  for  love  or  money.  The  fluid 
served  was  bad,  but  not  so  bad  as  nothing. 

Tropical  Colon  and  Panama  had  for  many  years  provided  for 
themselves  and  visitors  a  limited  supply  of  alleged-to-be-potable 
water,  more  often  an  infusion  of  wrigglers  and  nameless  impurities. 
This  water  in  a  state  of  comparative  purity  was  deposited  by  the 
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too  willing  skies  on  the  spreading  roofs,  where,  like  the  unclean 
spirit  in  holy  writ,  it  immediately  proceeded  to  take  to  itself  seven 
—  rather  seventy  antl  seven  —  forms  of  available  dirt  deposited 
on  said  roofs  largely  from  the  claws,  beaks,  and  plmnage  of  numer- 
ous scavenging  buzzards,  and  at  rarer  intervals  by  dust-laden 
winds.  The  roofs  are  mostly  steep,  whereby  the  descending  flood 
readily  bore  its  burden  to  cisterns,  or,  oftener,  to  a  battery  of 
barrels  usually  open  to  further  contamination.  Some  of  the  more 
wealthy  and  intelligent  of  the  natives  ran  the  stored  water  through 
a  porous  earthen  filter  which  removed  much  of  the  dirt  and,  inci- 
dentally, or  vice  versa,  cooled  the  water  several  degrees.  Fortunate 
was  the  man  who  had  his  cistern  deep  and  his  barrels  well  filled. 
During  the  dry  season  his  less  provident  neighbors  often  retired 
with  a  thirst  such  as  Kipling  could  only  find  ''  East  of  Suez."  He 
never  experienced  "  East  of  Colon  "  or  he  would  have  said  that. 

Panama  City  is  said  to  have  had  a  limited  number  of  wells,  of 
which  perhaps  the  less  said  the  better;  they  had  been  filled  up, 
for  the  most  part  at  least,  before  the  writer  visited  the  city. 

Colon,  built  on  a  coral,  reef,  had  plenty  of  ground  water,  but  it 
was  too  thick  to  be  potable.  Unlike  the  Missouri  and  Mississippi 
water,  which  one  to  the  manor  born  stirs  and  drinks  quickly,  the 
Colon  ground  water  is  so  very  rich  that  no  amount  of  stirring 
would  render  it  drinkable;  it  might  more  easily  have  been  ren- 
dered eatable. 

Thus  it  was  that  Colon  must  depend  on  rain  entirely.  Fortu- 
nately, the  rainfall  at  Colon  covers  the  dry  season  fairly  well,  and 
only  occasionally  was  there  a  lack  of  stored  water. 

With  the  development  of  the  Panama  Railroad,  water  supply 
conditions  improved.  Water  was  required  at  Colon  for  boilers, 
hotels,  ships,  and  the  like,  so  a  small  reservoir  was  constructed, 
pumps  were  installed,  pipes  laid,  and  the  march  of  improvement 
started  in  earnest.  Any  deficiencies  in  storage  or  rainfall  were 
corrected  by  the  use  of  tank  cars,  of  which  the  Panama  Railroad 
had  a  large  number,  bringing  water  from  inland  rivers  such  as  the 
Frijoles  (Beans)  River,  which  the  writer  was  told  never  failed, 
delivering  it  to  the  suction  main  of  the  railroad  company's  pump- 
ing station  (Plate  I).  The  discharge  line  of  these  pumps  was  con- 
nected to  a  high  tank  in  the  railway  yard,  also  to  the  houses  occu- 
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pied  by  railway  officials,  consuls,  the  hospitals,  and  a  few  other 
favored  premises,  including,  by  no  means  least  in  importance,  two 
water  stations  some  half  mile  apart  (Plate  III,  Fig.  1),  at  which 
daily  a  long  line  of  the  unwashed  could  be  seen  with  receptacles 
of  all  sorts  awaiting  each  his  or  her  turn  to  enter  and  for  a  certain 
fee  draw  his  day's  supply.  How  much  of  the  fee  finally  reached 
the  railroad  company,  deponent  could  not  satisfy  himself;  the 
poHce  agent  collectors  were  under  very  little  check. 

This  phase  of  the  supply  lasted  till  the  French  Canal  Company 
built  the  breakwater  and  on  it  founded  the  tovai  of  Cristobal. 
The  railway  company's  supply  was  limited  and  the  canal  company 
needed  water.  Judging  by  published  accounts,  it  was  not  applied 
solely  to  floating  equipment  or  live  stock. 

The  earlier  water  supply  equipment  seems  to  have  been  quite 
limited  in  capacity  and  extent,  the  French  town  was  small,  water 
from  across  the  bay  was  supplied  to  the  De  Lesseps  houses,  to  the 
shops  and  wharves,  and  to  a  centrally  located  fountain,  now  no 
longer  extant,  from  which  monsieur  drew  his  daily  ration,  as  did 
the  writer  at  a  later  date. 

The  supply  from  which  monsieur's  water  was  derived  was  five 
miles  away  across  Limon  Bay.  Never-failing  springs  filled  a 
reservoir  from  which  tank  vessels  were  supplied.  These  in  turn 
formed  the  suction  wells  from  which  local  pumps  delivered  the 
water  to  the  town  fountain,  shops,  etc. 

At  about  the  beginning  of  the  American  regime,  a  small  dam  was 
built  across  a  section  of  the  diversion  channel,  pumps  and  pipe  line 
installed,  iron  tanks  were  set  upon  a  convenient  hill,  water  was 
piped  well  over  the  town  of  Cristobal,  and  soon  after  practically 
all  the  houses  were  supplied  from  this  local  system.  The  works 
were,  for  their  capacity,  well  designed,  well  built,  and,  barring 
certain  administrative  difficulties,  the  system  gave  a  very  good 
account  of  itself.  It  was  of  course  not  always  working,  as  the  pipes 
were  laid  in  loose  fill  and  breaks  were  frequent.  The  attendants 
were  negroes  who  considered  the  whole  thing  witchcraft  and  the 
plant  under  the  personal  control  of  the  devil.  It  naturally  fol- 
lowed that  any  trouble  in  the  night  watches,  a  leaking  plunger, 
rattling  valve,  or  any  unusual  sound  or  sight,  put  the  attendant 
in  a  panic.     If  he  was  brave,  he  banked  the  fires  before  he  ran. 
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This  was  true  of  most  of  the  night  firemen.  Fortunately  the 
French  regime  left  a  large  warehouse  full  of  boilers,  scores  of  them. 
Very  few  exploded,  but  the  bagged  firel)oxes  were  a  sight.  The 
practical  man  in  charge  of  the  water  system  was  very  short,  very 
fat,  very  profane,  perhaps  largely  in  consequence  of  his  occupa- 
tion. He  was  quartered  in  the  room  directly  under  the  writer's. 
His  first  knowledge  of  water  trouble  was  usually  from  some  early 
riser  above  who  wanted  a  shower,  in  vain. 

A  large  fraction  of  the  supply  was  used  for  boiler  feed  for  both 
land  and  floating  equipment.  The  filling  of  tanks  began  early  and 
by  6  A.M.  the  pressure  was  usually  too  low  to  fill  the  second  floor 
showers.  Water  could  be  drawn  from  faucets  lower  doAvn  for  a 
half  hour  more.  Those  who  rose  later  must  needs  go  downstairs 
and  perhaps  across  the  street  for  any  water  at  all. 

]\Iuch  of  this  loss  of  pressure  was  due  to  the  laziness  of  the  blacks, 
who  never  dreamed  of  shutting  a  valve.  "  Throw  the  hose 
overboard  and  forget  it  "  was  their  rule;  they  needed  no 
water.  So  it  ran  to  waste  all  day  perhaps,  or  until  some 
white  man  saw  it. 

The  boilers  generally  shut  clowm  at  6  p.m.  and  by  10  p.m.  there 
was  usually  water  all  over  the  town. 

This  supply  was  soft,  fairly  clear,  excellent  for  the  toilet,  but  as 
it  was  surface  water  from  a  drainage  area  inhabited  for  the  most 
part  by  people  whose  ideas  of  sanitation  were  not  far  advanced, 
it  was  not  at  all  safe  for  drinking.  A  galvanized-iron  tank  screened 
from  mosquitoes,  located  at  a  corner  of  each  house  and  supplied 
from  the  roof,  furnished  a  drinking  supplj'  for  the  greater  part  of 
the  year.  These  were  analogous  to  the  barrels  already  mentioned 
in  the  old  town,  and,  like  them,  were  the  occasion  of  solicitous 
regard  on  the  part  of  the  sanitary  inspectors  lest  mosquitoes 
multiply,  and  therefrom  yellow  fever.  All  water  barrels  and  tanks 
had  screens  permanently  fastened  on.  They  were  usually  elevated 
on  blocking  or  low  stands,  spigots  were  provided  and  the  natives 
strictly  forbidden  to  meddle  in  any  way  with  the  screens,  on 
pain  of  having  the  barrels  summarily  destroyed.  The  penalty  for 
meddling  by  canal  employees  was  even  more  drastic.  To  guard 
against  the  annual  dry  season,  this  potable  sui:)ply  was  reinforced 
by  some  half  dozen  large  tanks  eight  or  ten  feet  in  diameter  and 
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fifteen  or  so  high,  replenished  from  near-by  roofs  and  dehvering 
through  the  ancient  French  fountain  already  mentioned. 

The  wisdom  of  so  reinforcing  the  weather  was  abundantly 
demonstrated  during  the  drought  of  1906.  The  writer  has  as  a 
souvenir  an  order  for  water  covering  this  period.  The  dry 
weather  was  in  its  way  a  godsend,  giving  opportunity  for  much 
needed  pipe  and  drain  laying,  building  of  streets,  and  the  like. 

This  temporary  supply,  both  surface  and  rain  storage,  was,  in 
the  summer  of  190.6,  succeeded  by  a  more  permanent  arrangement. 
The  authorities  of  the  canal  work  had  early  foreseen  the  need  of 
abundant  water  for  Colon  and  Cristobal.  Surveys  and  plans  had 
been  made,  a  reservoir  site  selected,  well  selected  at  that,  pipe 
lines  laid  out,  and  construction  was  well  in  hand  when  the  writer 
arrived  on  the  scene.  The  construction  forces  were  located  in  a 
most  charming  camp  on  the  edge  of  a  hill  forming  part  of  the  pro- 
posed main  dam.  A  narrow  gage  railway  had  been  laid,  diminu- 
tive locomotives,  when  not  off  the  track,  brought  in  supplies, 
cement,  tools,  and  the  like,  not  to  mention  our  strenuous  President 
Roosevelt  on  his  precedent-breaking  trip  to  the  canal.  A  twenty- 
inch  pipe  line  was  bemg  built  under  great  difficulties,  from  near 
the  proposed  gatehouse  toward  the  town.  Of  this  pipe  line  ma- 
terial a  surprisingly  large  fraction  had  suffered  in  transportation 
or  earher;  the  line  was  littered  with  short  ends  cut  from  the  cracked 
cast-iron  pipes  (Plate  II).  In  the  meantime,  pipes  were  being 
laid  in  the  town,  hydrants  set,  and  preparations  made  to  distribute 
the  water.  Pending  the  arrival  of  the  main  pumps,  temporary 
pumping  stations  were  established,  located  at  diverging  points  in 
the  pipe  lines,  and  designed  as  boosters  to  take  the  water  from  the 
gravity  main,  at  a  pressure  sometimes  less  than  atmospheric,  and 
deliver  it  back  into  the  main  beyond  the  pumps  at  a  pressure 
sufficient  to  serve  two-  and  three-story  buildings. 

It  was  anticipated  that  there  would  be  delay  in  the  delivery 
of  pumps  and  standpipe,  and  in  the  construction  of  the  main  dam. 
A  small  temporary  dam  was  accordingly  built  across  an  arm  of  the 
proposed  reservoir,  and  an  8-in.  spiral  riveted  pipe  nearly  a  mile 
long  was  laid  on  the  surface  of  the  ground  connecting  from  it  to  the 
permanent  20-in.  pipe  below  the  main  dam.  This  was  read}^  for 
service  early  in  1906.     About  that  time  the  earlier  reservoir  in  the 
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diversion  channel  ran  dry,  and  a  connection  n(^ar  it  was  made  to 
the  pumps,  and  tiie  reservoir  water  was  delivered  to  the  to\\^i 
through  the  original  pipes  laid  at  about  the  beginning  of  the  United 
States  administration.  This  water  was  of  excellent  quality  and  we 
thought  our  troubles  were  over,  but,  alas,  the  dam  leaked,  the 
formation  was  like  a  sieve;  a  few  weeks  saw  the  end  of  that  supply. 
The  situation  looked  so  desperate  that  an  order  was  issued  to 
abandon  all  upstairs  baths  and  toilet  appliances.  This  order, 
dated  April  1,  was  to  be  effective  April  4.  Late  in  March,  some  one 
discovered  that  a  few  feet  from  the  pumps  was  a  branch  of  the 
old  diversion  channel  ten  or  more  feet  deep,  full  of  water,  con- 
nected at  the  other  end,  a  mile  or  so  away,  with  several  full  rivers, 
and  at  a  greater  distance  with  Limon  bay  and  the  ocean.  A  couple 
of  lengths  of  pipe  did  the  trick.  Several  days  before  the  above- 
mentioned  order  to  close  toilets  became  effective,  we  were  startled 
by  the  appearance,  early  in  the  evening,  of  fireworks  from  the 
phosphorescent  salt  water  in  our  dark  shower  baths.  Although 
the  occasion  for  closing  was  thus  averted,  the  order  was  neverthe- 
less enforced  and  for  a  month  we  were  denied  the  use  of  our 
toilet  facilities  in  second  stories,  notwithstanding  the  fact  that 
the  pressure  was  ample,  far  better  than  at  any  time  for  six  months 
preceding  or  follo"wing. 

An  amusing  incident  shows  how  little  the  situation  was  under- 
stood at  Washington.  The  Post  of  that  city  published  an  article 
describing  the  water  famine  at  Colon.  The  administration  gravely 
explained  that  there  was  no  water  famine,  there  were  2|  million 
gallons  of  water  held  as  reserve  in  the  temporary  reservoir.  The 
writer  happened  to  visit  the  reservoir  at  just  this  time  and 
saw  the  2^  million  gallons  —  the  surface  was  some  three  feet 
below  the  intake  to  the  pipe  line. 

The  salt  or  brackish  water,  excellent  for  sanitation,  was,  of 
course,  unsuitable  for  boilers,  consequently  the  old  French  reser- 
voir across  the  bay  was  put  in  commission,  barges  were  filled 
and  towed  across  to  serve  the  dredge  fleet,  shops,  etc. 

The  native  town  was  still  unsupplied  with  drinking  water. 
After  a  few  days  of  rioting,  not  reported  in  the  press,  the  railway 
came  to  the  rescue,  put  its  up-country  pumps  and  tank  cars  in 
commission,  and  Colon  began  to  drink  again. 
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About  this  time  Washington  began  to  ask  about  the  progress 
on  the  cold  storage  plant.  Assurances  were  given  that  the  re- 
frigerator cars  which  had  already  been  delivered  were  running 
regularly  on  the  railway.  So  they  were;  they  made  excellent 
water  cars.  They  were  so  tight  that  a  very  little  bulkheading 
made  the  most  efficient  of  tanks.  The  ice  for  these  cars  was 
ready  about  a  year  later. 

Washington  also  took  a  fall  out  of  the  salt  water  supply,  the 
details  of  which  would  require  too  much  space  to  recount  here. 
Quibbles  and  explanations,  very  ingenious,  were  the  order  of  the 
day. 

So  it  went  till  early  in  May  the  rains  began,  the  runoff  caught 
up  with  the  leaks  in  the  temporary  reservoir,  the  salt  water  supply 
was  replaced  with  fresh,  and  the  pressure  in  the  upper  stories 
resumed  its  high  night  and  low  day  schedule  and  we  were  allowed 
to  resume  the  use  of  our  toilet  rooms. 

During  most  of  this  time  the  Panama  city  supply  was  better 
than  ever  before.  (It  was  the  first  dry  season  of  the  improved 
new  supply.)  Toward  the  middle  of  April,  however,  the  supply 
was  drawn  below  the  gate  chamber  inlets.  A  most  ingenious 
raft  was  built  with  pontoons  of  16-in.  sheet-iron  dredge  pipe, 
a  pump  was  mounted  thereon,  steam  supplied  from  a  boiler  on 
shore,  and  the  water  was  pumped  into  the  gate  chamber.  The 
writer  saw  the  raft  under  construction;  the  water  was  warm,  the 
negroes  were  just  short  of  naked,  so  the  hardship  was  rather  on 
the  consumers  than  on  the  workmen.  The  Panama  end  has, 
however,  a  story  of  its  own. 

To  return  to  the  Colon  and  Cristobal  story.  The  new  20-in. 
pipe  line  was  now  nearly  enough  complete  to  be  used,  mains 
were  laid  in  many  of  the  streets,  local  pumps  in  several  places 
were  taking  water  from  the  20-in.  main  and  supplying  sections 
of  old  mains ;  the  distribution  system  was  not  in  use,  gates  were 
closed,  there  were  no  hydrant  wrenches,  nor  house  connections. 

Inventory  day  was  approaching,  and  on  June  6  a  fire  broke  out 
in  the  oil  house  of  the  commissary  store.  After  some  forty  minutes 
hose  was  brought  from  the  main  warehouse  a  mile  away,  pipe 
wrenches  were  secured  and  several  hydrant  streams  were  playing 
on  the  ruins.     The  fire  had  one  good  result,  —  the  hydrants  and 
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distribution  systems  were  kept  under  pressure  and  the  pumps 
at  the  diverging  points  above  mentioned  were  kept  going.  Some 
weeks  later  house  connections  were  made  and  local  trouble  from 
limited  quantity  of  water  was  at  an  end.  In  due  course  of  time 
the  main  reservoir  was  put  in  commission,  bettering  the  pressure, 
as  it  cut  out  the  mile  of  8-in.  supply  pipe.  Still  later  pumps  were 
installed,  supplied  by  steam  through  several  hundred  feet  of  pipe 
carefully  insulated,  being  buried  in  a  bed  of  concrete  in  a  deep 
trench. 

This  steam  pipe  Ime  was  put  in  to  avoid  tramming  the  coal  the 
several  hundred  feet  to  site  of  pumps.  Later  oil  fuel  was  sub- 
stituted, and  still  later  the  boilers  were  moved  to  the  pump  station, 
after  tests  had  shown  a  remarkable  steam  comsumption  for  this 
station.  Published  tests  showed  53  lb.  per  indicated  horse-power. 
These  permanent  pumps  allowed  the  elimination  of  the  local  pumps 
scattered  over  the  tovm,  and  further  improved  the  pressure.  On 
the  completion  of  the  standpipe  on  a  nearby  hill,  the  system  was 
complete. 

But  the  troubles  had  only  begun.  The  water  was  stored  under 
the  tropic  sun,  the  inevitable  algse  appeared,  plans  were  made  for 
chemical  treatment,  a  settling  basin  was  prepared,  made  of  con- 
crete, partly  on  a  new  fill,  which  gave  all  kinds  of  trouble  by  crack- 
ing, before  water  could  be  kept  in  it.  Pressure  digesters  were 
put  in,  gaging  and  storage  tanks  for  alum  were  built,  pressure 
filters  of  a  modern  type  were  connected  up,  Venturi  meters  pro- 
vided, and  the  quality  of  the  water  improved.  The  watershed 
had  already  been  surveyed  and  practically  all  the  inhabitants 
removed.  The  water  unfiltered  was  safe,  and  the  bacterial  content 
verj'  low,  only  the  algal  growths  were  troublesome.  The  filters 
removed  th(>m  very  satisfactorily,  delivering  50  to  67  million  gal- 
lons monthly  of  clear  s]Kirkling  water,  in  all  respects  as  good  as 
many  of  our  best  city  water  supplies  in  the  North. 

The  filters  developed  an  unexpectcMl  phenom(»non  in  that  th(^ 
material  evidently  segregated;  two  of  the  four  reduceil  the  bacteria 
some  75%  or  more,  the  other  two  in  some  cases  increased  the 
bacterial  count  (560  raw  to  18  000  filtered).  The  colon  bacillus 
did  not  appear. 

It  has  alread}'  been  stated  tiiat  the  main  pi))e  Hue  was  built 
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under  difficulties;  the  same  was  true  of  the  distributing  pipe 
system;  the  material  was  not  wholly  suitable;  the  writer  has 
counted  eight  or  ten  lead  joints  between  a  hydrant  and  its  Tee 
on  the  street  main;  it  was,  therefore,  not  a  surprise  to  him,  on 
seeing  the  station  Venturi  graphs,  to  note  that  the  night  floAV 
(after  midnight)  was  more  than  50  per  cent,  of  the  usual  day  flow. 
About  June  of  1906,  Congress  decided  to  build  a  lock  canal  with 
locks  at  Gatun.  Surveys  were  pushed,  a  to^vn  laid  out  in  an  up- 
land pasture,  tents  were  pitched  to  shelter  the  town  builders,  and 
measures  taken  to  secure  water  for  temporary  use.  Boilers  and 
pumps  were  installed  on  the  Gatun  River  a  mile  away,  pipe  lines 
laid,  some  of  the  rain-storage  tanks  formerly  used  at  Cristobal 
were  set  upon  a  high  trestle  on  a  hill,  altogether  some  160  ft.  above 
the  pumps,  and  the  towai  was  rapidly  built.  The  writer  was,  with 
the  construction  division  officers,  transferred  to  Gatun  about 
March,  1907.  The  mud  was  knee  deep,  two  deep  cuts  were  being 
made  between  the  town  and  the  railway,  things  were  crude  gener- 
ally, but  the  quarters  were  comfortable,  we  could  get  plenty  to 
eat,  such  as  it  was,  the  work  was  very  interesting,  and  best  of  all, 
we  had  unlimited  water.  The  Gatun  River,  a  stream  of  consider- 
able magnitude,  drained  a  good  sized  bit  of  country;  the  exact  area 
was  not  at  last  accounts  known.  The  watershed  was  diversified, 
some  open  pastures,  much  jungle,  rather  more  penetrable  than  in 
other  parts  of  Central  America,  and  supported  a  considerable  popu- 
lation. Colon  bacilli  were  always  present,  so  our  health  depart- 
ment had  all  houses  provided  with  distilled  or  at  least  sterilized 
water  (usually  distilled)  for  cooking  and  drinking.  The  town 
supply  was  excellent  for  all  other  purposes.  The  twofold  supply 
reinforced  for  boilers  by  another  storage  tank  proved  adequate 
and  was  subject  to  interruption  only  from  pump  breakdown,  as 
the  tanks  were  small.  The  river  sometimes  rose  to  the  eaves  of 
the  pump  house.  A  dike  was  built  around  it  and  an  emergency 
pump  was  installed  on  higher  ground,  to  be  used  if  necessary.  The 
writer  recalls  only  one  occasion  when  it  was  used.  To  provide 
storage  a  tower  tank  of  some  400  000  gal.  capacity  was  ordered 
(Plate  III,  Fig.  2).  On  arrival  it  was  assembled,  taking  some  five 
months  in  the  process.  When  complete,  the  tank  would  not  hold 
water;  even  pneumatic  rivet  guns  could  not  beat  the  black  laborers. 
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A  two-inch  coat  of  cement  stopped  the  leaks,  and  the  tank  had  not 
failed  at  last  accounts.  About  1909  an  electric-driven  multi-stage 
turbine  pump  was  installed,  as  the  older  pumps  were  wearing  out. 

The  supply  still  lacked  perfection  as  the  pumps  were  some  85  ft. 
below  the  level  of  the  proposed  lake,  Avhicli  it  was  proposed  to 
start  filling  about  1910.  Surveys  were  accorcUngly  made  and  a 
site  selected  for  a  permanent  reservoir.  Stuches  and  estimates 
were  made,  some  of  them  by  the  writer,  at  that  time  in  charge  of 
the  Gatun  drafting  force,  for  several  tj'pes  of  dam,  concrete,  earth, 
and  earth-faced  rock  fill.  The  latter  proved  most  economical  as 
rock  and  earth  were  available  from  the  lock  excavation  less  than 
two  miles  away.  A  nearby  saddle  provided  an  excellent  location 
for  an  80-ft.  concrete  waste  weir.  A  concrete  gate  chamber  was 
built,  on  a  pile  foundation,  also  a  concrete  core  or  cut-off  wall 
some  100  ft.  long;  the  reservoir  site  was  cleared,  the  watershed 
depopulated,  a  trestle  built,  and  work  was  started  on  the  dam. 
Barring  sundry  freshets,  the  dam  was  built  without  encountering 
many  of  the  difficulties  contended  \v\i\\  during  the  early  days  of 
the  Colon  supply. 

A  pumping  station  was  designed,  with  two  multi-stage  turbine 
pumps,  motor-driven  from  the  main  power  station  a  mile  or  so 
away,  s'svntches  were  provided  to  automatically  stop  and  start 
motors  according  to  stage  of  water  in  the  storage  tank,  and  Venturi 
meters,  valves,  etc.,  to  control  the  plant.  It  went  into  commission 
in]\Iay,   1910. 

Analysis  of  the  water  (Quebrada  las  Guacas)  indicated  that  its 
quality  would  be  a  close  dupHcate  of  the  Colon  suppty  (Quebrada 
Brazos).  The  experience  there,  therefore,  was  available,  and 
trouble  from  algae  was  expected.  It  was  accordingly  thought 
best  to  provide  for  filtration.  Several  studies  were  made,  none 
of  which  seemed  to  be  satisfactory.  The  writer,  being  about  to 
leave  the  service,  having  nearly  completed  a  contmuous  four-j-ear 
term,  was  detailed  to  study  the  problem  and  report  on  a  suitable 
plant. 

The  water  of  Quebrada  las  Guacas  is  in  composition  and  alka- 
linity essentially  similar  to  that  of  Brazos  Brook,  usetl  for  Colon's 
supply.  The  experience  gained  at  Mount  Hope  filters  thereby 
becomes  available  for  guidance. 
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It  has  been  found  that  these  waters  can  most  readily  be  filtered 
after  the  bulk  of  the  organic  matter  has  been  removed  by  coagula- 
tion with  alum.  The  operations  at  Mount  Hope  had  not  then 
been  extended  over  sufficient  time  to  afford  a  reliable  indication 
as  to  whether  or  not  lime  would  be  necessary.  The  plans,  however, 
provided  sufficient  room  for  an  elevated  lime-water  tank  over  the 
alum  tanks  if  it  should  prove  necessary. 

The  design  is  believed  to  be  sufficiently  elastic  to  allow  the  use 
of  other  coagulants  in  case  experience  indicates  their  desirability. 

In  the  use  of  alum  as  a  coagulant,  experience  has  shown  that 
thorough  and  immediate  mixing  of  coagulant  with  the  raw  water 
is  essential  to  success.  The  vortex  method,  whde  not  so  well 
precedented,  promised  to  be  effective  and  call  for  much  less  loss 
of  head  than  the  more  usual  succession  of  weirs.  It  was,  therefore, 
chosen  as  best  adapted  to  the  operating  conditions. 

The  water  from  the  reservoir  is  admitted  through  a  16-in.  gate 
operated  by  a  float-controlled  hydraulic  cylinder.  The  float  valve 
has  an  adjustment  on  the  float  stem  to  provide  for  varying  the 
output  of  the  plant,  and  on  the  valve  lever  to  vary  the  sensitive- 
ness of  the  valve.  An  air  check  valve  in  the  pressure  line  was 
provided  to  allow  the  gate  to  close  by  gravity  if  for  any  reason  the 
pressure  should  fail.  In  case  the  consumption  increases  to  such 
an  extent  that  the  float  does  not  operate  properly,  it  can  be  removed 
to  a  special  float  chamber  suitably  connected  by  piping  with  the 
mixing  tank. 

The  pipe  line  from  the  reservoir  to  and  through  the  regulating 
valve  was  made  up  of  standard  fittings,  the  only  special  being  the 
nozzle  through  which  the  water  is  delivered  to  the  mixing  tank. 

This  pipe  line  is  provided  with  a  by-pass  through  which,  in 
case  of  emergency,  raw  water  can  be  delivered  to  the  pumps 
direct ;  also  a  pressure  line  through  which  the  water  near  the  bot- 
tom of  the  reservoir  can  be  pumped  to  the  filters  in  case  it  is  ever 
found  necessary  to  consume  this  lower  portion  of  the  water  storage. 

The  coagulant  is  intended  to  be  dissolved  in  pressure  digesters 
in  the  chemical  storage  room  in  much  the  same  manner  as  practiced 
elsewhere,  the  solution  delivered  by  the  force  main  pressure  into 
the  solution  tanks,  each  of  which  is  intended  to  hold  one  day's 
supply.     From  the  storage  tanks  the  solution  is  delivered  through 
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float-controlled  valves  to  one  of  two  orifice  tanks.  These  valves 
can  be  connected  to  deliver  from  either  storage  tank  to  cither 
orifice  tank,  or,  if  preferred,  to  the  adjacent  one  only. 

The  orifice  tanks  are  provided  Avith  plate  glass  fronts.  It  is 
intended  that  this  glass  shall  have  a  graduated  scale  and  a  series 
of  orifices  ^-ia.  and  j-in.  diameter.  The  float  valves  having  ad- 
justable stems,  it  is  possible  to  vary  the  head  on  the  orifices  and 
also  the  number  of  orifices,  thus  allowing  a  large  variation  in  the 
amount  of  discharge  to  accommodate  variations  in  the  quality  of 
raw  water,  the  actual  discharge  to  be  determined  by  careful  cali- 
bration. From  the  orifices  the  solution  falls  into  brass  or  copper 
funnels  connected  by  pipes  of  brass  or  copper  with  a  perforated 
distributor  in  the  raw  water  nozzle. 

The  raw  water  with  its  dose  of  coagulant  is  achnitted  to  the 
circular  mixing  tank  in  a  tangential  direction,  and  after  making 
the  circuit  of  the  tank  several  times  is  dra"svn  off  at  the  bottom 
through  a  16-in.  inverted  siphon  to  a  channel,  from  which  it  flows 
in  a  thin  sheet  over  a  weir  to  the  sedimentation  basins.  The 
inverted  siphon  is  provided  with  a  drain  by  which  all  the  water  in 
the  coagulant  house  can  be  removed  when  necessary  for  inspection 
or  cleaning. 

The  sedimentation  basins  are  designed  of  sufficient  size  to  allow 
about  one  hour  or  more  for  the  separation  of  the  sludge  or  precipi- 
tate of  aluminum  hydrate,  with  most  of  the  grosser  impurities, 
and  its  subsidence  to  a  point  well  below  the  surface. 

A  submerged  weir  is  provided  at  mid-length  of  the  sediment 
basin  by  which  it  is  expected  that  the  waste  of  water  caused  by 
drawing  off  the  sludge  may  be  materially  reduced.  Experience 
indicates  that  most  of  the  sludge  will  be  deposited  in  the  first 
basin  and  can  be  dra^vn  therefrom  at  more  frequent  intervals 
than  from  the  second  basin.  The  basins  are  further  divided  by  a 
drain  gallery  allowing  the  basins  to  operate  at  half  capacity  when, 
if  necessary,  one  section  is  drained  for  more  thorough  cleaning. 

It  is  expected  that  the  ordinary  cleaning  will  be  accomplished 
by  drawing  off  the  lower  layer  of  water  and  sludge,  closing  the 
valves  when  clear  water  appears  at  them. 

The  basins  are  provided  Avith  multi-hopper  bottoms,  from  the 
apices  of  which  drains  lead  to  a  series  of  controlling  valves  in  the 
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drain  gallery.  This  gallery  is  also  intended  to  afford  drainage  to 
the  filters  and  to  the  coagulant  and  mixing  tank  and  to  discharge 
through  a  24-in.  circular  drain  to  the  brook. 

In  case  experience  shall  indicate  its  necessity,  provision  is  made 
for  a  system  of  perforated  pipes  on  the  ridges  of  the  hopper  bottom 
through  which  water  under  pressure  can  be  discharged  in  order  to 
wash  the  sludge  from  the  slopes  of  the  hoppers. 

The  walls  of  the  drain  gallery  are  to  be  finished  one-half  foot 
lower  than  the  outer  walls,  to  provide,  besides  economy,  a  safe- 
guard against  the  plant  overflowing  and  washing  out  its  founda- 
tions, an  important  item  with  black  attendants.  In  case  the 
regulating  valve  should  fail  to  close,  the  water  will  run  to  waste 
from  the  sechmentation  basin  over  the  wall  to  the  drain  gallery. 

A  grill  floor  is  intended  to  rest  on  the  ledges  and  allows  access 
to  the  valves  just  below.  It  is  intended  that  these  valves  should 
be  of  the  sluice  gate,  lever-operated  type. 

From  the  sediment  basins  the  water  is  skimmed  by  a  weir  and 
delivered  through  a  16-in.  pipe  and  10-in.  valves  to  the  individual 
filters.  From  each  filter  the  water  is  collected  in  perforated  pipes 
and  discharged  through  an  automatic  regulator  and  a  16-iQ. 
effluent  pipe  to  a  clear  water  well  or  reservoir.  The  filters  are 
17  by  16|  ft.  and  are  intended  to  discharge  500  000  gal.  each  per 
day,  at  a  rate  of  about  80  million  gallons  per  acre  per  day. 

It  was  proposed  to  import  the  sand. 

Provision  is  made  for  a  10-in.  wash  water  line,  taking  water  from 
the  force  main  or  pump,  a  6-in.  air  line  and  a  16-in.  drain  line 
discharging  into  the  drain  gallery  of  the  sedimentation  basins. 
The  filter  pipe  gallery  is  also  drained  to  the  sediment  basin  drain 
gallery  as  shown. 

A  covered  operating  gallery  may,  if  desired,  be  built  over  the 
filter  pipe  gallery.  This  will  allow  the  valves  to  be  locked  up  and 
protected. 

The  clear  water  well  is  made  circular  in  plan  to  attain  maximum 
economy. 

In  regular  operation  it  is  expected  that  from  one  to  three  grains 
per  gallon  of  alum  will  be  used.  The  coagulant  basins  will  be 
cleaned  at  intervals  of  twelve  to  forty-eight  hours,  as  may  prove 
necessary.     The  filters  will  be  cleaned  at  shorter  intervals  as  often 
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as  the  operating  head  reaches  about  nine  feet.  An  indicator  on 
each  regulator  float  will  show  this  head  at  all  times  for  each  filter, 
and  an  electric  bell  alarm  can  easily  be  provided. 

Such  fancy  devices  as  marble  operating  tables  and  hydraulic 
valves  have  not  been  shoA\ai,  as  they  are  not  at  all  necessary  for  a 
13lant  of  this  size  under  Isthmian  wage  rates. 

The  material  for  the  filters,  tanks,  basins,  etc.,  is  in  most  cases 
reinforced  concrete  of  the  simplest  possible  design,  to  reduce  as 
much  as  may  be  the  cost  of  false  work  and  forms  required.  The 
reinforcement  has  been  liberally  used,  and  the  plant  has  been  made 
substantial,  to  insure  as  low  maintenance  charges  as  possible. 

The  piping  is  intended  to  be  cast  iron  rather  than  wrought, 
as  the  former  will  be  less  affected  by  the  chemicals  used;  valves 
to  be  cast  iron,  bronze  faced  and  lined,  bronze  stems;  floor  stands 
and  hand  wheels  are  provided  for  the  filter  valves. 

Provision  was  made  for  considerable  future  enlargement  of  this 
plant  if  the  demand  for  water  should  increase  to  a  marked  extent. 
Space  was  provided,  between  filters  and  the  clear  well,  for  an 
ackhtional  pair  of  filters,  and  the  piping  was  designed  to  allow  their 
installation  with  a  minimum  of  expense. 

The  plan  appended  (Plate  IV)  is  intended  to  shoAV  the  features 
incident  to  the  foregoing ;  it  is  not  an  exact  copy  of  the  plans  pre- 
pared for  the  Gatun  plant. 

DISCUSSION. 

Mr.  Robert  S.  Weston.  I  have  been  very  much  interested  in 
this  paper  because  it  brings  up  a  problem  in  water  purification 
which  has  been  quite  prominent  for  some  time  and  is  coming  into 
greater  notice.  We  all  hstened  with  a  great  deal  of  interest  to 
Mr.  Wasteneys'  excellent  paper  ^  at  Gloucester  last  Septemljer, 
in  which  he  descriljed  experiments  on  the  feasibility  of  purifying 
a  water  of  this  same  class  at  Brisbane,  Australia.  It  seems  that 
many  tropical  Avaters  carry  a  great  deal  of  gelatinous,  organic 
suspended  matter  which  is  so  fine  that  it  is  almost  in  solution. 
Under  certain  conditions  this  organic  matter  settles  out  very 
rapidly.     Of  course  it  can  be  coagulated  out;  it  can  be  loaded  with 
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alum  and  lime  and  precipitated.  This  has  been  the  method 
described  to  you  this  afternoon.  Mr.  Wasteneys  has  worked  out 
a  solution  of  this  problem  based  upon  the  oxidation  of  the  oxi- 
dizable  material  in  the  water  to  such  a  degree  that  it  will  precipi- 
tate or  be  removed  from  the  water  by  ordinary  methods  of  filtration 
and  without  using  a  coagulant,  or  with  the  use  of  very  little 
coagulant. 

The  same  problem  though  of  lesser  degree  was  presented  to  Mr. 
Hazen  at  Springfield,  where  the  water  at  the  Ludlow  Reservoir, 
which  was  very  highly  loaded  with  organic  matter,  was  purified 
by  intermittent  filtration.  It  has  also  arisen  at  Athol,  Mass., 
and  at  Charleston,  S.  C.  It  would  seem  as  a  general  thing  that 
the  more  economical  way  of  treating  this  class  of  waters  would  be 
first  to  oxidize  the  dissolved  matter;  that  is,  to  try  to  apply 
methods  used  for  the  treatment  of  sewage,  in  order  to  remove  the 
food  material  which  forms  the  basis  for  growths  of  algae  and 
renders  purification  by  ordinary  filtration  methods  difficult,  rather 
than  to  depend  entirely  upon  slow  sand  or  mechanical  filtration 
methods  so  useful  in  a  temperate  climate. 

The  operation  of  the  works  at  Panama,  which  have  just  been 
described  here,  has  within  the  last  few  months  been  noted  in  some 
of  the  engineering  papers,  or  at  least  in  a  paper  before  some 
engineers'  society.  If  I  remember  rightly,  quantities  of  coagulant 
greatly  in  excess  of  the  one  to  three  grains  per  gallon  estimated 
had  to  be  used,  because  this  organic  matter  was  in  such  a  condition 
that  it- wasted  a  large  amount  of  coagulant  before  the  coagulation 
was  effected. 

The  President.  I  have  enjoyed  very  much  listening  to  the 
paper,  and  I  would  like  to  ask  the  author  if  intermittent  filtration 
was  tried  on  the  isthmus  at  all,  experimentally  or  otherwise. 

Mr.  Higgins.  It  had  not  been  up  to  the  time  I  left.  We 
did  not  have  space  for  it  at  this  particular  plant,  that  is,  within 
a  reasonable  distance. 

The  President.  I  have  had  the  feeling  that  intermittent 
filtration  was  more  economical  and  also  efficient  than  any  other 
method  for  these  waters  containing  heavy  loads  of  organic  matter, 
and  also  abundant  iron.  The  secret  of  success  at  Ludlow  as  at 
Brisbane  is  that  the  water  carries  plenty  of  iron,  and  iron  is  a 
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natural  coagulant,  just  as  effici(Mit  as  an  artificial  coagulant,  if 
it  can  be  handled  so  as  to  make  it  available.  Iron  is  abundant  on 
the  isthmus.  About  10  per  cent,  of  the  weight  of  the  whole 
isthmus  is  metallic  iron,  and  it  would  certainly  seem  that  the  iron 
in  the  water  could  be  made  to  coagulate  the  organic  matter  in 
intermittent  filters  if  it  is  handled  right. 
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NOTES  ON  TYPHOID  FEVER  AT  WASHINGTON,    D.  C. 

BY    W.  T.   SEDGWICK. 

[Read  November  S,  1911.] 

It  occurred  to  me,  gentlemen,  that  it  might  interest  you  to 
hear  a  very  late  word  concerning  the  Washington,  D.  C,  situation, 
with  reference  to  the  water  supply  there.  You  "will  remember 
that  when  the  filters  went  into  operation  in  Washington,  typhoid 
fever  was  not  reduced,  and  that  a  lot  of  people  said  it  must 
be  that  the  filters  were  worthless,  since  the  typhoid  was  com- 
paratively high,  and  it  had  been  expected  that  it  would  be 
materially  lowered.  At  that  time  various  local  authorities,  some 
of  them  of  a  good  deal  of  weight,  frankly  expressed  the  belief 
that  the  filters  were  ineffective,  and  that  typhoid  fever  in  Wash- 
ington was  still  coming  from  the  Potomac  River.  But  on  careful 
examination  a  number  of  us  felt  perfectly  certain  that  the  filters 
were  all  right  —  I  mean  unprejudiced  outside  parties  who  had 
had  nothing  to  do  with  the  filters  whatever,  or  with  their  con- 
struction. The  engineering  journals,  you  remember,  contained 
many  articles  dwelling  upon  the  various  aspects  of  the  subject, 
and  it  was  one  of  the  most  interesting  problems  of  the  day. 

The  main  fact  stood  out,  however,  that  the  bacterial  efficiency 
of  the  filters  was  very  high.  Oftentimes  they  would  run  for  months 
with  an  average  bacterial  discharge  of  less  than  20  per  cubic 
centimeter,  and  with  large  numbers  only  during  the  winter,  or  at 
times  when  there  was  no  typhoid  fever  to  speak  of  in  the  city; 
so  that  it  proved  to  be  practically  impossible  to  connect  in  any 
way  a  lack  of  bacterial  efficiency  in  the  filters  with  the  typhoid 
fever  prevalent  in  Washington. 

The  United  States  Public  Health  and  Marine-Hospital  Service 
soon  went  to  work  (in  1906)  on  the  matter  of  typhoid  fever  in  Wash- 
ington, and  some  of  the  investigators,  at  any  rate,  were  at  first  dis- 
posed to  blame  the  typhoid  upon  the  filters,  so  that  there  is  no 
question  but  what  they  made  a  most  thorough  and  in  one  sense 
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unprejudiced  study  of  the  situation.  And  they  have  pubhshed 
for  every  year  from  1906  to  1909  valuable  reports  on  typhoid  fever 
in  Washington.  It  so  happens  that  I  have  to-day  the  advance 
sheets  of  what  is  likely,  I  suppose,  to  be  the  final  report,  namely, 
that  for  1909,  certainly  the  latest  one  up  to  the  present  time,  which 
has  been  made  by  experienced  persons,  chief  among  whom  is 
Dr.  Lumsden.  I  have  been  going  over  it  rather  carefully  th's 
morning  and  with  great  satisfaction,  and  I  think  any  of  3'ou  water- 
works men  would  share  my  satisfaction.  For  these  able  investiga- 
tors, who  have  now  become  exceedingly  expert  in  t^T^hoid  fever 
investigations,  as  a  result  of  their  long  labors,  say  that  there  is  no 
good  evidence  (and  in  my  opinion  there  never  has  been  smy  satis- 
factory evidence)  that  the  typhoid  fever  in  Washington  ever 
proceeded  from  any  inefficiency  or  imperfections  in  the  filters. 

Of  course  that  raises  the  question,  What  then  is  the  typhoid 
in  Washington  due  to?  —  and  they  trace  it  to  various  factors  ^N-ithin 
the  city,  —  the  peculiar  diverse  population,  largely  composed, 
as  it  is,  of  negroes;  the  extraordinary  opportunity  offered  by  the 
peculiarities  of  Washington  life  for  contact  infection,  which  is 
only  another  name  for  the  spread  of  disease  by  contagion ;  to  milk, 
which  is  here  charged,  as  ever\'Avhere  to-day,  with  some  of  the 
principal  burdens  of  t^-phoid  fever  transmission;  and  in  this 
particular  report  more  than  any  other,  to  oyster  infection.  Wash- 
ington is,  as  you  know,  and  Baltimore  and  Richmond  also,  are 
centers  of  the  oyster  trade,  and  the  eating  of  raw  oysters  in  those 
cities,  located  as  thej-  are  very  near  the  shores  of  Chesapeake  Bay, 
a  great  natural  oyster  bed,  is  everjnvhere  practiced.  Very  careful 
investigation  has  made  it  seem  pretty  likely  that  a  good  deal,  a 
very  considerable  percentage,  of  the  tyj^hoid  fever  in  Washington 
comes  from  that  use  of  raAv  oysters. 

This  is  one  of  the  newer  things  in  the  last  report  of  these  investi- 
gators; and,  summing  it  all  up,  they  find  tliat  there  is  a  great 
variety  of  things  responsible  for  the  comparatively  high  typhoid 
fever  in  Washington.  What  you  and  I  are  particularly  interested 
in,  however,  is  the  fact  that  at  last  the  water  filters  are,  in  the 
opinion  of  everybody,  I  think,  who  is  competent  and  who  has  looked 
into  the  subject  to  any  extent,  relieved  of  any  serious  l)urd('n  in 
the  causation  of  typlioid  fever  in  that  city. 
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PROCEEDINGS. 

November  Meeting. 

Hotel   Brunswick, 
Boston,  Mass.,  November  8,  1911. 
]Mr.  Allen  Hazen,  President,  in  the  chair. 
The  following  members  and  guests  were  present: 

Honorary  Member. 
William  T.  Sedgwick. 

Members. 

S.  A.  Agnew,  Randolph  Bainbridge,  M.  N.  Baker,  C.  H.  Baldwin,  A.  F. 
Ballon,  L.  M.  Bancroft,  F.  A.  Barbour,  G.  W.  Batchelder,  A.  E.  Blackmer, 
J.  W.  Blackmer,  C.  A.  Bogardus,  George  Bowers,  E.  C.  Brooks,  J.  C.  Chase, 
R.  D.  Chase,  M.  F.  ColHns,  W.  R.  Conard,  J.  H.  Cook,  H.  P.  Eddy,  E.  D. 
Eldridge,  F.  F.  Forbes,  A.  N.  French,  A.  S.  Glover,  Clarence  Goldsmith,  J.  M. 
Goodell,  R.  A.  Hale,  R.  K.  Hale,  F.  E.  Hall,  J.  O.  Hall,  W.  E.  Hannon,  Allen 
Hazen,  M.  F.  Hicks,  H.  K.  Higgins,  H.  G.  Holden,  J.  L.  Howard,  A.  W. 
Jepson,  E.  W.  Kent,  Willard  Kent,  F.  C.  Kimball,  G.  A.  Kimball,  A.  C.  King, 
J.  J.  Kirkpatrick,  H.  O.  Lacount,  H.  P.  Letton,  N.  A.  McMillen,  A.  E.  Martin, 
F.  E.  Merrill,  William  Naylor,  E.  B.  Phelps,  L.  C.  Robinson,  P.  R.  Sanders, 
C.  W.  Sherman,  G.  A.  Stacy,  E.  L.  Stone,  W.  F.  SulUvan,  H.  L.  Thomas, 
R.  J.  Thomas,  C.  T.  Treadway,  W.  H.  Vaughn,  R.  S.  Weston,  F.  B.  Wilkins, 
F.  I.  Winslow,  G.  E.  Winslow.  —  62. 

Associates. 

The  Anderson  Couphng  Company,  by  W.  D.  Cashin  and  C.  E.  Childs; 
Ashton  Valve  Company,  by  C.  W.  Houghton;  Harold  L.  Bond  Company,  by 
Harold  L.  Bond;  Builders  Iron  Foundry,  by  A.  L.  Coulters;  Darling  Pump 
and  Manufacturing  Company  (Limited),  by  H.  H.  Davis;  Hersey  Manufactur- 
ing Company,  by  A.  S.  Glover,  W.  A.  Hersey,  and  J.  A.  Tilden;  Lead  Lined  Iron 
Pipe  Company,  by  T.  W.  Dwyer;  Charles  Millar  &  Son  Company,  by  C.  F. 
Glavin;  H.  Mueller  Manufacturing  Company,  by  G.  A.  Caldwell;  National 
Meter  Company,  by  Charles  H.  Baldwin,  H.  L.  Weston,  and  J.  G.  Lufkin;  Nep- 
tune Meter  Company,  by  H.  H.  Kinsey;  Piatt  Iron  Works  Company,  by  F. 
H.  Hayes;  Rensselaer  Valve  Company,  by  C.  L.  Brown;  Thomson  Meter 
Company,  by  E.  M.  Shedd;  Union  Meter  Company,  by  F.  E.  Hall;  United 
States  Cast  Iron  Pipe  and  Foundry  Company,  by  D.  B.  Stokes;  Henry  R. 
Worthington,  by  Samuel  Harrison.  —  2L 
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Guests. 

D.  B.  Smith,  Portland,  Me.;  W.  H.  McCann,  I.ewistoii,  Mc;  J.  G.  Hill, 
Lowell,  Mass.;  R.  H.  filunt,  Worcester,  Mass.;  E.  B.  Carvey,  Lowell,  Mass.; 
AMlliam  Fieldman,  E.  H.  Smith,  K.  E.  Hall,  Boston,  Mass.  —  S. 

The  Secretary  read  applications  for  membership,  duly  approved, 
of  James  A.  Cushman,  Clinton,  Mass.,  engaged  in  construction 
and  maintenance  of  Wachusett  reservoir,  dam,  and  aqueduct; 
John  Ware,  Downey,  Ida.,  formerly  division  engineer,  Baltimore 
&  Ohio  Railroad,  later  connected  with  the  Boston  Elevated  Rail- 
way Company,  and  now  Avith  Downey  Water  Company. 

On  motion  of  ^Ir.  Bancroft,  the  Secretary  was  directed  to  cast 
one  ballot  in  favor  of  the  applicants,  and,  he  having  done  so,  they 
were  declared  duly  elected. 

The  Secretary  read  the  following  comnmnication: 

BiLLERic.\  Water  Works. 
Office  of  Water  Commissioners. 

North  Billerica,  Mass.,  November  7,  1911. 
New  England  Water  Works  Association,  Boston: 

Gentlemen,  —  It  is  the  custom  with  us  when  application  is  made  for  service 
to  have  it  signed  by  the  owner  of  the  property.  In  many  instances  it  has  come 
about  that  the  owner  has  died  and  his  property  has  passed  into  the  hands  of 
the  estate.  We  would  like  to  get  some  information  as  to  whether  or  not  it  is 
the  usual  custom  to  secure  new  signed  applications  from  those  who  take 
charge  of  the  estate,  and  would  ask  you  if  you  would  have  this  come  before  your 
meeting.  Any  information  you  might  be  willing  to  ofTer  us  would  be  gratefully 
received. 

Yours  very  truly, 
(Signed)    BILLERICA   WATER   COMMISSIONERS. 

C.  W.  Mortenson,  Clerk. 

The  President.  Can  some  of  our  members  answer  this  in- 
quiry, as  to  what  their  practice  is? 

Mr.  Samuel  A.  Agnew.  That  question  has  come  up  with  us 
at  Scituate  a  number  of  times,  and  I  have  often  wondered  what  to 
do  about  it.  We  have  never  yet  required  a  new  owner  to  sign 
another  application,  as  we  call  it,  but  I  have  expected  to  have 
difficulty  just  on  that  very  score.  I  am  glad  this  matter  has  been 
l)r()Ught  up. 

]\1r.  Robert  J.  Thomas.  We  do  not  reciuire  any  new  a])plica- 
tion  in  Lowell,  and  we  have  never  had  any  trouble. 
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Mr.  M.  F.  Collins.  It  is  the  same  way  in  Lawrence,  Mr. 
President. 

Mr.  Richard  D.  Chase.  In  New  Bedford  an  application  for 
a  service  is  signed  by  the  owner  and  reads  that  it  shall  continue 
until  revoked  in  writing.  If  the  property  passes  to  an  estate  this 
signature  would  still  hold.  If  the  premises  are  sold  and  the  first 
application  is  not  revoked,  the  bills  are  sent  to  the  former  owner  and 
naturally  he  settles  with  the  new  owner.  It  is  unfortunatelj^ 
true  that  in  Massachusetts  water  rates  are  not  a  hen  upon  property, 
but  in  practice  bj^  exercising  the  right  to  shut  off  the  water  it 
never  fails  that  some  one  comes  in  and  settles  for  back  dues. 
This  is  really  the  one  sure  means  of  getting  bills  paid. 

Mr.  John  0.  Hall.  I  think  in  some  cases  it  is  the  practice  to 
put  upon  the  form  of  application  a  printed  statement  that  the 
charge  becomes  a  lien  upon  the  estate;  then  when  an  application 
is  signed  at  the  office  it  binds  the  estate. 

Mr.  Agnew.  That  might  apply  to  municipally  owned  plants, 
but  would  it  apply  to  a  private  corporation? 

Mr.  Hall.  The  agreement  would  be  the  same  if  it  is  a  private 
corporation,  and  the  blank  was  signed;  it  would  be  in  the  form  of 
a  contract. 

Mr.  George  A.  King.  We  don't  require  any  new  appHcation 
in  Taunton.  I  would  like  to  inquire  what  the  use  is  of  having  any 
application  in  writing  from  anybody. 

Mr.  Patrick  Kieran  (6//  letter).  In  Fah  River  we  do  not 
require  a  new  application  when  a  piece  of  property  passes  to  an 
estate.  We  do  require  an  application  when  property  is  transferred 
from  one  person  to  another. 


The  first  paper  of  the  afternoon  was  entitled,  "  Has  the  Time 
Come  for  Double  Municipal  Water  Supplies;  One  Naturally 
Pure  for  Drinking  and  Cooking,  the  Other,  Denaturized  or  Steri- 
lized, for  All  Other  Purposes?  "  by  Prof.  W.  T.  Sedgwick  and  H. 
P.  Letton,  C.E.,  Massachusetts  Institute  of  Technology,  and  was 
read  by  Mr.  Letton.  The  paper  was  discussed  by  the  President, 
Mr.  Charles  W.  Sherman,  Mr,  Arthur  N.  French,  Prof.  E.  B. 
Phelps,  Mr.  Randolph  Bainbridge,  Mr.  Frank  C.  Kimball,  Mr. 
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John  H.  Cook,  ]\Ir.  George  A.  Caldwell,  Mr.  John  C.  Chase,  and 
Professor   Sedgwick. 

Mr.  H.  K.  Higgins,  consulting  engineer,  Boston,  Mass.,  read  a 
paper  in  which  he  gave  an  account  of  the  development  of  the  water 
supply  and  the  installation  of  the  filtration  plant  at  Panama. 
The  President  and  Mr.  Robert  S.  AVeston  spoke  particularly  with. 
reference  to  the  problem  of  filtration. 

Professor  Sedg^v^ck  made  a  statement  concerning  the  latest 
results  of  the  investigation  as  to  the  efficiency  of  the  water  filters 
and  the  causes  of  typhoid  fever  in  Washington,  D.  C. 

The  President  announced  that  next  month  the  Executive  Com- 
mittee were  planning  for  a  "  red-hot  "  meeting,  the  subject  of  which 
would  be  "  The  Material  for  Service  Pipes;  whether  Wrought 
Iron  or  Steel,  and  How  to  Treat  It."  He  said  that  it  was  expected 
representatives  of  various  manufacturers  would  be  present  to 
tell  what  they  knew  of  the  methods. of  manufacture  and  the  merits 
of  the  different  kinds  of  pipe,  and  requested  a  large  attendance  of 
the  members. 

Adjourned. 


Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  headquarters,  Tremont  Temple,  Wednesday, 
November  8,  1911. 

Present:  President  Allen  Hazen  and  members  Michael  F. 
Collins,  John  J.  Kirkpatrick,  Lewis  M.  Bancroft,  Richard  K. 
Hale,  Robert  J.  Thomas,  and  Willard  Kent. 

Two  applications  for  membership  were  received  and  recom- 
mended for  admission,  namely: 

John  Ware,  assistant  treasurer  Downey  Water  Company-, 
Downey,  Ida.,  and  James  A.  Cushman,  engineer  of  construction 
and  maintenance  on  Wachusett  reservoir,  dam  and  aqueduct, 
Clinton,  Mass. 

It  was  voted:  That  the  December  meeting  of  the  Association  be 
devoted  to  the  discussion  of  "  Steel  v.  Iron  Service  Pipes,  Gal- 
vanizing, and  Other  Methods  of  Protection." 

Adjourned. 

Willard  Kent,  Secretary. 
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BOOK  REVIEW. 

Home  Water  Works.  A  Manual  of  Water  Supply  in  Country  Houses. 
By  Carleton  J.  Lynde,  Professor  of  Physics  in  MacDonald  College,  Quebec. 
.5  X  7|  inches,  xii  +  270  pages.  106  text  figures.  New  York:  Sturgis&  Walton 
Co.     Cloth,  75c.  net. 

This  little  book  is  one  of  "  The  Young  Farmer's  Practical  Library,"  and  in  it 
the  author  presents  in  simple  language  a  general  description  of  the  require- 
ments of  a  water  supply  suitable  for  the  country  home  or  farm. 

The  author  gives  a  brief  description,  including  the  materials  needed  and  the 
cost,  of  various  designs,  and  shows  how  such  systems  may  be  installed  at  very 
slight  expense. 

The  sources  of  water  are  then  discussed,  with  a  general  description  of  springs 
and  different  kinds  of  wells,  the  proper  methods  of  construction  and  the  equip- 
ment required. 

By  far  the  largest  part  of  the  book,  however,  is  devoted  to  a  discussion  of  the 
elementary  physics  of  pumping  and  a  description  of  diiferent  types  of  pumps, 
windmills,  tower  tanks  and  pneumatic  systems,  and  the  general  methods 
employed  in  connecting  up  pumps  and  engines. 

There  is  also  a  short  chapter  on  water  power,  giving  a  brief  description  of 
different  kinds  of  wheels  and  the  methods  of  connecting  them. 

In  the  last  chapter  the  author  considers  in  rather  a  brief  way  the  problems 
of  plumbing  and  sewage  disposal.  The  book  closes  with  a  list  of  firms  dealing 
in  water  supply  and  plumbing  materials. 

This  is  a  very  good  book  to  recommend  to  people  being  out  of  reach  of 
municipal  supplies,  for  it  shows  that  satisfactory  systems  can  be  installed, 
at  very  .slight  expense,  which  will  give  much  better  service  than  the  old-fash- 
ioned well  from  which  the  water  has  to  be  carried  to  the  house. 


MEMBERSHIP. 

ADDITIONS. 

(November  1  to  December  25,  1911.) 

MEMBERS. 

Hyde,  John  L. 

City  Engineer,  Westfield,  Mass. 

Miller,  Walter  E. 

Care  of  Railroad  Commission  of  Wisconsin,  Madison,  Wis. 

Ross,  Charles  H. 

Superintendent  Waterloo  Water  Company,  Waterloo,  N.  Y. 

Young,  Alfred  A. 

Superintendent  Jewett  City  Water  Company,  Jewett  City,  Conn. 

ASSOCIATE. 

Eddy  Valve  Company 

Manufacturers  of  Valves  and  Hydrants,  Waterford,  N.  Y. 


CHANGES  OF  ADDRESS. 

MEMBERS. 

Blake,  Edmund  M. 

Care  of  State  Board  of  Health,  Boston  Mass. 
Evans,  George  F. 

Superintendent  Water  Works,  Manchester,  Mass. 

Frost,  George  H. 

Preaident  Engineering  News  Publishing  Company,  505  Pearl  Street,  New  York  City. 

Goldsmith,  Clarence 

Assistant  Engineer,  Public  Works  Department,  High  Pressure  Service,   Room  18,  Old 
City  Hall,  Charlestown,  Boston,  Mass. 

Harrub,  C.  Nelson 

Field  Assistant,  Division  Sewerage  and  Water  Supplies,  State  Board  of  Health  of  New 
Jersey,  246  Highland  Avenue,  Trenton,  N.  J. 

McKernan,  .Joseph  N. 

P  O.  Box  li9.  Plainville,  Conn. 

Mattice,  Asa  M. 

157  Fargo  Avenue,  Buffalo,  N.  Y. 

Parker,  Horatio  N. 

College  of  .\griculture.  University  of  Illinois,  Urbana,  111. 

Potter,  Philip  A. 

Engineer.  30  Church  Street,  New  York  City . 

Smith,  Sidney 

76  White  Street,  East  Boston,  Mass. 
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